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FOREWORD 


Tliir  report  vac  prepared  by  LTV  Voi^ght  Aeronautics 
Division  ol'  Linc-Tenco-VouGlit>  Inc.,  Dallas,  Texas,  under  Contract 
Kur.bcr  AF  33(657 )-llo^6.  Project  Number  Jil07,  Task  Number  1*10721. 
Tlic  conti-acc  effort  uas  administered  under  the  cognizance  of  the 
Electronic  Warfare  Division  (AVW),  AF  Avionics  Laboratory  (AFAL), 
AFfC,  VJrjght-Patterson  Air  Force  Base,  Oliio.  Project  monitor  for 
tile  effort  vac  Mr.  Kenneti;  W.  Foulke  (AVWC). 

^nls  report  consists  of  t\*o  volumes. 
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ABSTRACT  -  VOUJME  II 


Approximately  1500  nuclear  radiation  effects  "Design 
Allowables"  on  electronic  materials  and  parts  were  conqplled  to  pro¬ 
vide  a  useful  working  tool  for  designing  nuclear  radiation  tolerant 
telemetry  systems.  The  radiation  effects  Design  Allowable  Is  a 
nuclear  radiation  environmental  exposure  under  which  the  associated 
material  or  part  Is  expected  to  exhibit  certain  specified  character¬ 
istic  changes.  The  infomatlon  presented  does  not  Include  all 
available  data>  bixt  Is  felt  to  be  representative  of  the  current 
nuclear  radiation  effects  state -of -technology.  This  data  should 
serve  as  an  aid  in  performing  nuclear  radiation  effects  analyses 
of  currently  available  telemetiy  systems  and  provide  useful  Inputs 
for  hardening  such  systems  for  use  In  a  nuclear  radiation  environment. 


This  technical  documentary  report  has  been  reviewed  and  Is  approved. 


Asst  Chief 

Electronic  Warfare  Division 


ill 


vomac  ii 

TABIE  OF  COHTENTS 

Page 

1.0  INTRODUCTION  .  1 

2.0  STEADY-STATE  IRRADIATION  DATA .  5 

2.1  Batteries  ......................  6 

2.2  Capacitors.  ............  .  ....  7 

2.2.1  Ceramic . 7 

2.2.2  Electrolytic .  U- 

2. 2. 2.1  Aluminum.  . .  11 

2. 2. 2. 2  Coltunbium  . .  12 

2.2.2. 3  Tantalum .  13 

2.2.3  Glass .  17 

2.2.U  Mica .  19 

2.2.5  Mylar .  22 

2.2.6  Mylar  and  Paper. .  27 

2.2.7  Paper .  29 

2.2.8  Plastic .  37 

2.3  Coaxial  Cables. .  39 

2.U  Connectors,  Electrical .  ^1 

2.5  Cores,  Computer  .......  .  45 

2.6  Crystals .  46 

2.7  Delay  Lines  .  63 

2.8  Dielectric  Materials .  65 

2.9  Glass .  68 

2.10  Inductors .  70 

2.11  Insulation,  Electrical .  71 

2.12  Laminates .  6l 

2.13  Lubricants .  85 

2.iU  Magnetic  Materials .  87 

2.14.1  Ferrimagnetic .  87 

2.14.2  Ferromagnetic .  89 

2.14.3  Permanent  Magnets .  95 

V 


VOLUf  tE  II 


TABI£  OF  COMTEaJTS  (Continued) 

Page 

2.1^  Motors  . . 100 

2.16  0- Rings .  101 

2.17  Potentiometers .  104 

2.17.1  Carbon  Composition  .  104 

2.17.2  Wirewound . 10^ 

2.18  Potting  Compounds .  107 

2.19  Printed  Circuits . 110 

2.19.1  Assemblies . HO 

2.19.2  Boards  ....  .  m 

2.20  Protective  Coatings.  . . 117 

2.20.1  Enamels.  .....  .  .  .  117 

2.20.2  Finishes  .  II8 

2.20.3  Fluorlnated  Vinyls  .  120 

2.20.U  Lacquers  .....  .  TPI 

2.21  Relays . . . 

2.22  Resistors.  ..  .  126 

2.22-1  Boron-Carbon  ComixDsition  . .  126 

2.22.2  Boron-Carbon  Film .  127 

2.22.3  Carbon  Composition  .  128 

2.22.U  Carbon  Film.  .  .  I32 

2.22.5  Metal  Film .  l4l 

2.22.6  Temperature  Sensitive .  l46 

2.22.7  Wirewound .  l47 

2.23  Semiconductor  Devices .  I59 

2.23.1  Diodes  .  159 

2.23.2  Temperature  Sensors .  I65 

2.24  Solder .  I67 

2.25  Switches .  I68 

2.26  Terminals,  Electricai..  . . 17I 

P.P'r  Thermocouples . ITS 

2.28  Transducers .  173 

vl 


^r?D-TDR--;?-42  >7 


VOIiUt  lE  II 


[ 


1 


1 

1. 

1 

1 

I 

I 


TAB1£  OF  COIFIENTS  (Continued) 


2.29  Transformers  .  .  .  .  . 

2.30  Transistors.  .... 

2.30.1  Germanium.  . 

2.30.1.1  NPN 

2.30.1.2  PNP 

2.30.2  Silicon.  .  . 

2.30.2.1  NPW 

2.30.2.2  PNP 

2.31  Tubes,  Electron.  .  . 

2.32  Wire,  Electrical  .  . 
3.0  PULSE  IRRADIATION  DATA  .  .  , 

3.1  Amplifiers  . 

3.2  Capacitors  . 

3.2.1  Ceramic.  .  . 

3.2.2  Electrolytic 

3.2.3  Glass.  ... 
3.2.U  Mica  .... 

3.2.5  Mylar.  .  .  . 

3.2.6  Paper.  .  .  . 

3.2.7  Tantalum  .  . 

3.3  Circulators . 

3.1*  Coaxial  Cables  ... 

3.5  CrystcLls  ...... 

3.6  Inductors . 

3.7  Isolators . 

3.8  Limiters . 

3.9  Oscillators . 


Page 

180 

186 


186 

186 

187 
189 
189 
194 

196 

226 

235 

236 

237 


239 

2J»0 

2U1 

242 

243 


244 


245 

247 

248 

249 

250 

251 


3.10  Pover  Supplies  . .  252 

3.11  Resistors . 253 

3.11.1  Carbon  Composition  .  253 

3.11.2  Carbon  Film.  ..  .  .....  254 

3.11.3  Film .  255 

3.11.4  ..’Irewound .  256 


vll 


irrD-TDK-o3-4r‘.’.7 


VOIWffi  II 


TABlf  OF  COifTENTS  (Contlnvied) 

Page 

3.12  Semiconductor  Devices.  ...  .  2^7 

3.13  Tubes,  Electron.  . .  260 

U.O  ISSIGN  ALLOWABLE  REFERENCES .  267 

U.l  Steady-State  Irradiation  .  267 

4.2  Pulse  Irradiation.  ......  .  276 

3.0  LIST  OF  ABBREVIATIONS  USED  IN  rBSIOf  ALLCWABIES .  278 

6.0  CONVERSION  FACTORS .  279 

7.0  RADIATION  EFFECTS  FACILITIES  UTILIZED  IN  GENERATING 

TEST  DATA  REFEREIICED  IN  THIS  REPORT . 202 

7.1  Steady-State  Reactor  Facilities . 282 

7.2  Ganma  Sources  and  Particle  Accelerators . 284 

7o  Pulsed  Reactors . 285 

d.O  ADDITIONAL  I^EFERENCES . 28? 


in’n-TDR-63-^+237  VOUJME  II 

LIST  OF  ILLUSTRATIONS 

Figure  Page 

1  Format  for  Presenting  Nuclear  Radiation  Effects 

Test  Data  ....................  4 

2  Number  of  Gamma  Rays  Vs.  Dose  Rate  for  Various 

Gaiona  Energies.  . . 280 

3  Curve  to  Convert  Neutron  Flux  to  Dose  Rate.  ...  201 


lx 


FrD-TDP-63-4r’  :y 


VOLUt-IE  n 


f  •- 

A 

f 


1.0  OTPODUCTION 


The  radiation  effects  Information  presented  In  this 
Volume  vas  compiled  to  provide  a  useful  working  tool  for  designing 
nuclear  radiation  tolerant  telemetry  systems.  Most  of  the  data  was 
taken  from  the  92  different  reports  listed  In  the  references.  In¬ 
consistencies  In  experimental  conditions,  variations  In  test  ob¬ 
jectives,  and  different  methods  of  reporting  test  data  stake  It 
Impossible  to  give  equal  credence  to  each  entry  In  the  following 
tables.  This  should  not  detract  from  the  usefulness  of  such  tables, 
however.  If  the  designer  recognizes  this  fact  eind  takes  It  Into  ac¬ 
count  In  formulating  his  design  goals.  The  Information  presented 
herein  will  suffice  to  select  nuclear  radiation  tolerant  materials 
and  parts  to  be  used  In  a  wide  rainge  of  nuclear  environments. 

This  data,  entitled  nuclear  radiation  effects  Design 
Allowables,  is  presented  In  a  form  that  will  give  the  designer  a 
summary  of  extracted  data  on  the  behavior,  stability  and  capabili¬ 
ties  of  comp>onents  and  materials  operating  In  a  nuclear  radiation 
environment  without  having  to  examine  in  detail  numerous  documents 
containing  the  results  of  Irradiation  tests  on  these  components  and 
materials.  The  term  "Radiation  Effects  Design  Allowable"  Is  defined 
as  the  nuclear  radiation  environmental  exposure  under  which  the  as¬ 
sociated  material  or  component  Is  expected  to  exhibit  certain  speci¬ 
fied  characteristic  changes.  These  specific  characteristic  changes 
are  presented  as  the  basis  for  the  "Design  Allowable."  This  Infor¬ 
mation  cannot  be  Interpreted  as  specific  parameter  variations  for 
other  materials  or  components  made  by  the  same  or  different  manu¬ 
facturers  unless  an  accurate  evaluation  establishes  the  similarity 
of  the  two  Items.  Material  formulation,  processing,  quality  control, 
fabrication  techniques,  p»arameter  utilization,  and  environmental  test 
conditions  all  have  pertinent  bearing  on  the  data  presented  in  these 
tables,  hence,  care  must  be  exercised  In  its  application. 

Although  both  steady-state  (Section  2.0)  and  pulse 
(Section  3.0)  radiation  effects  Information  is  contained  In  this 
document,  the  major  effort  (about  90  percent)  has  been  devoted  to  the 
steady-state  effects.  This  represents  a  logiced  division  based  on 
the  availability  of  useful  Information  and  the  nature  of  the  respec¬ 
tive  problems.  The  steady-state  data  readily  lends  Itself  to  the 
tabiilar  presentation  used  here  and  should  be  most  useful  for  design¬ 
ing  nuclear  radiation  tolerant  telemetry  systems.  The  nature  of 
p\ilse  radiation  effects  and  the  lack  cf  good  experimental  pulse  data 
on  parts  make  this  type  of  presentation  extremely  difficult  to 
compile  and  use.  However,  when  Section  3*0  is  used  In  conjunction 
with  the  Information  presented  la  Section  2.0  of  Volume  I,  it  should 
seinre  a  very  useful  purpose  In  giving  the  designer  a  feel  for  the 
primary  pulse  effects  problems,  the  general  type  of  experimental  work 
which  has  been  conducted,  and  sufficient  source  references  to  obtain 
additional  information  as  required. 

Mrnuscrijt  released  b;'  tne  author  January  196h  for 
publication  as  vr.  RTD  Tecnnical  Dccuncntary  Report. 

1 


The  Information  contained  herein  does  not  include  all 
available  data  but  is  representative  of  the  current  nuclear  radiation 
effects  state-of-technology.  Ninety-two  documents  were  selected 
from  a  total  of  800  reviewed.  From  the  92  documents  1500  radiation 
effects 'Design  Allowables' have  been  extracted,  ancLlyzed,  compiled, 
and  presented  in  a  tabular  form  in  this  Volume.  In  general,  the 
tables  contain  a  description  of  the  material  or  i>art,  the  nuclear 
radiation  exposure  to  which  it  was  tested,  the  specific  changes 
observed,  and  the  source  reference  (Figure  l).  The  following 
paragraphs  further  describe  the  specific  information  contained  in 
the  tables  and  discuss  the  general  guidelines  \Aiich  were  used  in 
extracting  and  presenting  the  data. 

Components  euid  materials  are  categorized  under  their 
(general  classification.  Specific  identification,  such  as  manu¬ 
facturer,  part  numbers,  functional  rating  vetlues,  element  composition, 
basic  use  and  other  identifying  remarks,  are  called  out  to  the  extent 
that  this  information  is  available  in  the  referenced  reports.  Also, 
vhenever  known,  the  number  of  items  irradiated  are  given.  Manu¬ 
facturers  are  listed  in  alphabetical  order  under  the  specified 
material  or  component.  Uhder  each  manufacturer,  the  materials  are 
listed  in  alphabetical  order  snd  the  components  are  listed  in  as¬ 
cending  functional  rating  value.  The  exceptions  to  these  two  types 
of  listings  are  crystals  and  electron  tubes  vrtilch  are  listed  in  as¬ 
cending  numerical  order  by  part  number  identification.  Materleile 
and  components  for  which  the  manufacturer  is  unknown  are  listed 
within  the  section  under  the  heading  of  Miscellaneous. 

The“Design  Allowables" are  presented  as  previously  de¬ 
fined.  Selective  "characteristic  changes”  observed  during  the 
irradiation  and  the  corresponding  nuclear  radiation  levels  at  which 
they  occurred  are  presented  as  the  basis  for  the  Design  Allowables. 

If  no  defined  exposure  is  given  in  this  column,  the  percentage 
changes  were  assumed  to  refer  to  the  totel  exposures  presented  in 
the  "Design  Allowable  columns.  In  most  cases  these  changes  are 
expressed  in  the  percentage  of  change  from  the  pretest  value. 

The  exposure  data  presented  in  the  "Design  Allowable" 

Table  are  based  on  the  definitions  given  below; 


Ilomencla  tore 

Symbol 

Definition 

Therinal  Neutrons 

n* 

Neutrons  whose  energy  are 
above  .025  ev.(E>.025  ev) 

Ep’.cadmi'.in  Ne  itrons 

ne 

Neutrons  whose  energy  is 
above  the  cadmium  cutoff, 
approximately  O.U  ev. 

( E  > . U  ev ) 

Fast  Neutrons 

.  nf 

Neutrons  with  energies 
greater  than  0.01  Mev. 
(E>.01  Hev) 
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Nomenclatvire  . 


Definition 


Symbol 


Neutron  Flux 


n/cm^-E 


Neutrbn’Exposurei..-  n/cm^  or 
;  '  ■  or  .  ,  .  nvt 

Time  Integrated  .Flux  •  • 

-  ”  .-  *  *  fl 

‘■e  < 


The  number  of  neutrons  passing 
through  an  imaginary  sphere  of 
one  cm^  cross-sectional  area  in 
one  sec . 


The  total  number  of  neutrons 
passing  through  an  imaginary 
sphere  of  one  cm^  cross- 
sectional  area  in  a  specified 
time  t . 


Gamma  Dose- Rate  *  ergs/gm-(C )-sec  The  energy,  in  ergs,  which  would 
•  *  *  _  be  absorbed  from  the  gamma  field 

'  .  ‘y  ;  “  ..  by  a  gram  of  carbon  per  second. 


Gamma" .ExjxDsure'Dose  ergs/gm-(C) 

‘  _ ; _ _ 

Proton  *Expo.sure*  i  '  P'/cmS 

*•  o  •  A 


Gamma  dose  rate  times  time. 

The  total  number  of  protons 
passing  through  an  imaginai-y 
sphere  of  one  cm2  cross- 
sectional  area  in  a  specified 
time  t. 


For  converting  gamma  exposures  reported  in  roentgens  to 
ergs,  gm-(C),  a  nominal  conversion  factor  of  100  was  used.  In  record¬ 
ing  all  nuclear  radiation  exposures  only  one  decimal  place  accuracy 
was  used, 

The  ’Radiation  Effects  Reference  Number  refers  to  the 
source  of  information  as  listed  in  the  references,  Section  4.0,  and 
the  respective  pages  from  which  this  data  was  extracted.  These 
references  may  be  consxilted  for  more  detailed  information  if  required. 

Additional  information  on  the  general  effects  of  nuclear 
radiation  on  numerous  materials  and  components,  certain  criteria 
for  designing  nuclear  radiation  tolerant  telemetry  systems,  and 
specific  examples  of  the  use  of  these  tables  in  establishing  the 
nuclear  radiation  effects  state-of- technology  on  telemetry  systems 
are  contained  in  Volume  I. 
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FIGURE  1  FORMAT  FOR  PRESENTTNG  NUCLEAR  RADIATION  EFFECTS  TEST  DATA 
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The  radiation  effects  Information  presented  In  this 
Volume  vas  compiled  to  provide  a  useful  working  tool  for  designing 
nuclear  radiation  tolerant  telemetry  systems.  Most  of  the  data  was 
taken  from  the  92  different  reports  listed  In  the  references.  In¬ 
consistencies  In  experimental  conditions,  variations  In  test  ob¬ 
jectives,  and  different  methods  of  reporting  test  data  stake  It 
Impossible  to  give  equal  credence  to  each  entry  In  the  following 
tables.  This  should  not  detract  from  the  usefulness  of  such  tables, 
however.  If  the  designer  recognizes  this  fact  eind  takes  It  Into  ac¬ 
count  In  formulating  his  design  goals.  The  Information  presented 
herein  will  suffice  to  select  nuclear  radiation  tolerant  materials 
and  parts  to  be  used  In  a  wide  rainge  of  nuclear  environments. 

This  data,  entitled  nuclear  radiation  effects  Design 
Allowables,  is  presented  In  a  form  that  will  give  the  designer  a 
summary  of  extracted  data  on  the  behavior,  stability  and  capabili¬ 
ties  of  comp>onents  and  materials  operating  In  a  nuclear  radiation 
environment  without  having  to  examine  in  detail  numerous  documents 
containing  the  results  of  Irradiation  tests  on  these  components  and 
materials.  The  term  "Radiation  Effects  Design  Allowable"  Is  defined 
as  the  nuclear  radiation  environmental  exposure  under  which  the  as¬ 
sociated  material  or  component  Is  expected  to  exhibit  certain  speci¬ 
fied  characteristic  changes.  These  specific  characteristic  changes 
are  presented  as  the  basis  for  the  "Design  Allowable."  This  Infor¬ 
mation  cannot  be  Interpreted  as  specific  parameter  variations  for 
other  materials  or  components  made  by  the  same  or  different  manu¬ 
facturers  unless  an  accurate  evaluation  establishes  the  similarity 
of  the  two  Items.  Material  formulation,  processing,  quality  control, 
fabrication  techniques,  p»arameter  utilization,  and  environmental  test 
conditions  all  have  pertinent  bearing  on  the  data  presented  in  these 
tables,  hence,  care  must  be  exercised  In  its  application. 

Although  both  steady-state  (Section  2.0)  and  pulse 
(Section  3.0)  radiation  effects  Information  is  contained  In  this 
document,  the  major  effort  (about  90  percent)  has  been  devoted  to  the 
steady-state  effects.  This  represents  a  logiced  division  based  on 
the  availability  of  useful  Information  and  the  nature  of  the  respec¬ 
tive  problems.  The  steady-state  data  readily  lends  Itself  to  the 
tabiilar  presentation  used  here  and  should  be  most  useful  for  design¬ 
ing  nuclear  radiation  tolerant  telemetry  systems.  The  nature  of 
p\ilse  radiation  effects  and  the  lack  cf  good  experimental  pulse  data 
on  parts  make  this  type  of  presentation  extremely  difficult  to 
compile  and  use.  However,  when  Section  3*0  is  used  In  conjunction 
with  the  Information  presented  la  Section  2.0  of  Volume  I,  it  should 
seinre  a  very  useful  purpose  In  giving  the  designer  a  feel  for  the 
primary  pulse  effects  problems,  the  general  type  of  experimental  work 
which  has  been  conducted,  and  sufficient  source  references  to  obtain 
additional  information  as  required. 

Mrnuscrijt  released  b;'  tne  author  January  196h  for 
publication  as  vr.  RTD  Tecnnical  Dccuncntary  Report. 
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•/MATERIAL  OR  .„#"' 

. COMPONENT  ^ 
Capacitors,  Ceramic 


Alle^n-Bradley  Co. 
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*  • 
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,  *  .'\*  *  •  '*  ' 
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V  i  ■  \  ■ 

•,  ■ »  s-  • 
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CK61Y152Z(lt  ea)  v,. 

52o9pf  . 
CK3^^72Z(L  ea) 

O.lmf  ::.' 2C.]^  ■ 

CR-90 

:Kil-C-11015A 

0.?5r.f  ^  DO^b 

c.x-  ■: 

■••. .  .-C- II  »i5A(  1  ea) 


DESIGN  ALLCH-.'ABLES 
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;o 
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.V « 
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t  i.  ■>  *' 

^5.*/.'**'^** 

i*  •’*c 

«✓ 

^  :^'3*  e>.V.  V* 

2i/(i(^' 
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6:2. (10) 

i*:2'"(i6) 

0  ^ 

(E>1  Mey) 

2.L  (10) 

7.h  (ll4)ne 

2.6  (10) 

*<•3(1^  )ne 

2.U  (10) 

5.5  (l'*)ne 

2.0.  (10) 

1.9  (ll<)ne 

6. '2  (10) 

U.2  (16) 

(E  >  1  Mev ) 

6.2  (10) 

U.2  (16) 

(E  >  1  .’•lev) 

BASIS  FOR 

DESIGN 

ALLO'iABLT^S 


Capac i tance (-11.2^) 


at  1.29(lU)nf 


*  Capac i tance ( - 3 ■ 2^ ) 

*  *  •  ’  •  • 

’:***•  •  • 

•  #  • 


fCapac'  i  tanc^e  ( -  5. 6^ ), 

t  J>  •  A**  ^  > 

' -;v  •%.’ ,  • 

<  Leakier  ■  R  (- 99  •  9?t ) 
ay  8’..5.8(*.15’)nf;^'  »  • 
.-•  J 

Capac  itance  (  - 13  .'2% ) 
at  3.T(lV)he^  ’ 


Capacitance  (  -6. ) 
at  2.38(lL)ne«.  ,-  "••- 

s  -  .  ’.  '  '  • 

Capac  1  tance  (  -'25^.5^ ) 

at  U.33(lMnrv:  ‘■*- 

'Capac i tan ce (- 1 3^ ) 
at  1.9(1^ )ne 

Leakage  R(-99.94) 
at  1.65(l6)nf 


Leakage  R(-99.S^) 
at  1.3(l6)nf 


Rf-DI/.TION 

EFFECTS 

REFERENCE  No. 


Upll*2 

Upll*2 


•f  »  •• 
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•  •  •*  jt 

lp8L,87,685. 

•  •*  •-  • 

•  •  •» 

12p213  * 


lpl2T-,685  '  • 

lpl05,  ••685\.,: 

Ipl35, 
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|12p208 


12p20T 
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NUCLEA.R  RADIATION  EFFECTS  DESIGN  ALrDV.'ABLES 


MATERIAL  OR 
COMPONENT 

DESICTJ  ALLOV.’ABLES 

BASIS  FOR 

DESIGN 

ALLOV.'ABLES 

RADIATION 

EFFECTS 

n 

Capacitor,  Ceramic 

Sm-(C) 

REFERENCE  No. 

'*5pf 

CC25CHU50J(14  ea) 

2.9  (10) 

1.0  (I5)ne 

Capacitance  (-0.1*56) 
at  8.63(11*  )ne 

Ip81*,685 

1500pf 

CK6oy321Z(14  ea) 

2.1*  (10) 

7.1*  (ll*)ne 

Capacitance  (-11. 556) 
at  5.85(11*  )ne 

lpl27,685 

ZOOOpf 

CK61Y152Z(1i  ea) 

2.1*  (10) 

5.5  (ll*)ne 

Capacitance  (-ll*,o) 
at  l*.5(ll*)ne 

lpl35,685 

2300pf 

CK27W152Z(l4  ea) 

2.6  (10) 

1*.  3(ll*  )ne 

Capacitance  (-95®) 
at  2.88(ll*)ne 

lpl05,685 

5200pf 

CK3r*^i*Y2Z(l*  ea) 

2.0  (10, 

1.9  (ll*)ne 

Capacitance  (-5.55^) 
at  1.3(ll*)ne 

lpl21-125,685 

Li*  tor.  Systems,  Inc. 

^OOpf 

BaTiJS  Wafer(2  ea) 

1.5(l6) 
(E>2.9  Mev 

Leakage  R(-38.5/6) 

>  at  l*.59(l5)nf 

llp29 

I 
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CAPACITORS 

ELSCTROLYTIC 


Aluminum 


NUCLEAR  RADIATION  EFFECTS , DESIGN  ALLOVrABLES 


MATERIAL  OR 
COMPONENT 
Capacitors^ 
Electrolytic  (AL) 


DESiraj  ALLOV.'ABLES 

_ _ _  ^ 

ergs  J  n  •. 

67n-(C)  1  cm^  * 


BASIS  FOR 
^DESIGN 
ALLO's'ABLES 


RADIATION 

EFFECTS 

REFERENCE -No. 


:-hj 


iBell  Telephone  Labs,  Inc. 


O.'imf,  35VDC 
Experimental  (3  ea) 

3mf ,  35VDC  ■ 


2. 6(  17 )nfj. Capacitance^  (+63%) -‘A  l6pl67 


•  V'-‘* 


%  aj^2(l6)nf-  :;'  •  -‘-•rf  ./ . 

,  2.’6X*17»)hf  ^Capacitance  (.20^)J-"  l6pl6T 


'*J‘  ••v’* 


•'S^-sC 


^,0  -.A  pX  ^  ^ S  ,  '  i'V  «V.-.  -S  .  -  ”  .  -  -r  - 

■*  ^  '  rt.  .e-  />?«!«€.  ^  ~  '-  “•  '^•'  - 

.  _ _ (Xs.-  '  V5 
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CAPACITC«S 
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fl 
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li 


2.2 


CAPACITORS 


2.2.2  EIBCTROLinC 

2.2.2. 3  Tantalum 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COMPONENT 

Capacitors,  Electro- 
Lvtic  (Tantalum) 

DESIOT  ALLOV.'ABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

f7n-(C) 

n 

cm 

Astron  Corp. 

l.Oaf  i.  2036,  dissipa¬ 
tion  656j  TES-lM-25-20 
Mil-C-26655(USAF) . 

(100  ea) 

■  ■  •  r 

9.0  (10 

*•  « 

*  V* 

K  .. 

2.1  (16) 

(E>2.9Mev) 

Capacitance -92  ea 
were  out  of  tolerano 
No  catastrophic 
failures. Tolerance 
threshold  is  5.15(13 

nf  >2.9  Mev  & 

1.475(8)  ergs/gm-(c) 

45p11 

. 

•  •  *•  -  ■'f  * 

%  .  .  .•  «* 

.  ■  '  **  •  »  *'<f 

Fansteel'  Metallurg'ica: 

V'- 

-'.f 

1  -iJ  •• 

.f.  ,•  1  *  .- 
f  IV.-./- 

•rix  • 

.-Corp. 

* 

20mf,  35V 

STA'377(TeflorirSpaCer) 
(•1-2;  ea)  -  ■  /V  , 

O7l*(l0) 

'M 

•a*  •  % 

• 

1.6(16) 

(E>0.5Mev) 

2  Failed  6.2(l5)nf 
Capacitance  (-1^) 

35p  10.10-17 

2>')mi';''-35y  '  . 

STA  3 77  (  m  j  d  i  i"  i  e  d )  ( 1 2_e  a. 

6;i*(i0) 

1.6(16) 

(E>0.5Mev) 

2  Failed  6.2(l5)nf 

35p  10.10-17 

70nf ,  lOV  ■  . 

STA357  (12  ea)’.- 

6.i*(i0) 

1.6(16) 

(E>0.5Mev) 

All  good 

Nj  failures 

35p  10.10-17 

General  Electric  Co. 

'•5nif,  3OVDC  (Foil) 
(Kinutenan)  (2  ea) 

1.5(16) 

(EXJ.lKev) 

Capacitance  (-9.353^) 
at  3.8(l3)nf 

32  Fig.  23 

75-r,  3OVDC  (Foil) 

(2  ea) 

1.5(9) 

1(16) 

(E>0.1Mev) 

Capacitance  (-^Jt) 

lOpllS 

13 


MUCLEA-R  RADIATION  EFFECTS  DESIGN  ALL0V:ABLES 


MATERIAL  OR 
CCMPONENT 

apacltors,  Electro¬ 
lytic  (Tantalun) 


DESICW  ALI/>.’ABLEvS 


n 


ergs 

m-(c) 


BASIS  FOR 

RADIATION 

DESIGN 

EFFECTS 

ALLO'.s'ABLES 

REFERENCE  No. 

neral  Electric  (Con 


OOCtaf  5 OVD 
et  Slug,  H 
ealed,  200018 
3  ea) 


;5H?0Dd  (11  ea) 


:3R2J60K,  J  Series 
Solid) 

.5nf.  75VDC 
S.5J75  (Solid  Tant. 


1*.6(8) 

3.6(15) 

(EXJ.lMev) 

Capacitance  (+6.6i) 
at  1.3(6)ergs/gm-(c) 

&  l(l3)nf 

53  Fig  29 

1-5(9) 

L(l6) 

(EMJ.lMev) 

Capacitance  (+l4^t) 

10pll8 

5.5(15) 

(E>0.  LMev ) 

Capacitance  (+11.5^) 

32  Fig.  23 

S.1»(10) 

L.6(l6) 

(E>n.5Mev) 

1  failure  at  U. 14(15  )n 

r35p  10.10-17 

r.6(9) 

3.7  (15) 
[E>1  Mev) 

I-eakage  R(-97.0^) 
at  1.8(l5)nf 

12  p  201 

^(9) 

7  (15) 

tE>0.1Mev) 

1 

i 

Capacitance  (-30|l) 
at  3(15  )nf  -r  150°C 

lOp  12U 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 

DESI®f  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Capacitors,  Electro¬ 
lytic  (Tantalum) 

ergs 

r 

ALLO’v'ABLES 

m-(c) 

Kemet  Cont. 

15inf  75VDC  85°C 
K15J75  (10  ea) 

1(16) 

(E>0.1Mev; 

Capacitance  (+11. 2^1) 

53  Fig.  28 

25mf,  1*5V 

K25HU5  (30  ea) 

1.3  (11) 

1».3  (16) 
(E>0.5Mev ] 

8  failed  <1(16 )nf 

1^*  failed  between 
1(16)  &  3.8(l6)nf 

35p  10.10-17 

35nif  O  6v 

K35H6D5  (12  ea) 

6.i»(io) 

1.6(16) 

(E>0.5Mev; 

LeELkage  R(  large 
decrease)  3  failed 
at  <l(l6)nf 

35p  10.10-17 

‘ 

Sprapue  Products  Co. 

’vV 

'  »  f ' 

LCtoif,  50VDC,  hermeti¬ 
cally  sealed,  (foil) 
1I43D  (2  ea)  ,  r.  o* 

Lotnf,  50VDC,  H.sI(foii 
ll*2D  (2  ea) 

1.5(9')" 

4-  4 

)  '  • 

>‘T„ 
1(-16)  ■ 
(E>0:  IMey ) 

i(i6-)^  ^ 

(^■.-IMev) 

’Capacitance  (-4io) 

Capacitance  (+17.5)t) 
at  9(l4)nf 

lOp  119 

32  Fig.  9  &  24 

UOnf,  50VDC,  H.S.' 
(foil)  li*3D  (2  ea) 

6(15)  - 

(E>0:lMev) 

Capacitance  (+105fc) 
at  9(lU)nf 

32  Fig.  9  &  24 

75iaf,  3OVDC  (Herm. 
Seal)  Etched  foil, 

1^4 3D  (2  ea) 

1.5(9) 

1(16) 

(E>0.1Mev) 

Capacitance  (-^56) 

lOp  119 

73^,  30VDC,  double 
seal,  Foil  tant., 

222D  (2  ea) 

1.5(9) 

1(16) 

(E>0.1Mev) 

Capacitance  (-4^) 

lOp  119 

Y5nif,  30VrC,  double 
seal,  Tant.  foil, 

222D  (2  ea) 

1.5(16) 

(E>0.IMev; 

Capacitance  (-9.3^) 

32  Fig.  23 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


I 

I 


MATERIAL  OR  . 

1  DESICTl  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

DESIGN 

ALLOWABLES 

EFFECTS 

REFERENCE  No. 

ergs  . 

n 

'pn-(C)-> 

cm 

. 

U.  S.  Semcor 

•i. ‘  ' 

^  i 

Lfibf,  lOOVDC 

1.5(9), 

1(16). 

Capacitance  (-*-21 

lOp  119  . . 

»fet  Tant.  Slug(l’ea)’- 

(E>0‘.*lMev ) 

at  5.5(l5)nf 

•-^1? 

UTml,  lOOVDC 

1-^(9)..,, 

1(16),:'-. 

Capacitance  (+12^) 

lOp  119 

kfet  Tant.  Slug(l3a)*’. 

(E>0.1Mev) 

at  9(15 )nf 

lOOVDC  .  .r-;^ 

1.5(15:)“. 

Capacitance  (*39^) 

32  Fig.  9  &  2l» 

ilet  Tant.  Slug(l- ea)v 

(E>0;iMev) 

.•''••XV:'-. 

^  ♦  ■  * 

>-.A*  • 

.  '  -y'  ■ 

<  V  .  V 

-.1  '  ’ 

'  ‘ '  f  ■ 

r  V  t 

•  .’i'.'.  V'" 

V 

f  .*v,* 

■  *■# 

■ 

■  ■  Ti.  .  .  *•  •> 

►  *  . 

.i>  > .  w.*;  '  • 

./  •  1'.  .  ^  .*^  4  .«  . 

Western  Electrlc^Co?'-* 

j-.n-."?"  •• 

.•  ♦.  V  -i- 

liOmf,*-35VDc’^”Solld‘l 

V.-H^ 

4  r*«v 

5.6'(10.)- 

'  V  .'■.  *y 
2.i*(l7«)nr- 

Capacitance  {*3$) 

15p  21,22 

rant.,  Hermetically  ♦a*' 

•  ♦  ■  . 

at  l(l6)nf 

Scaled  ■‘(1*  ea)  .» 

2  failed 

•  ■  t'  “ 

*■'  •■•4 

V.*- 

■.;  ■. 

•  :  «*/*--  ■* 

■*.  *  5 

*  ■.. .  J 

%v 

« 

^  • 

*  ’  »» 

>  • 

♦  V  ■ 

-H...  ''V. 

*•  ^V,;r 

'■  * 

,-r*  . 

~  i  . 

Vr»jP 

■ 

♦ 

f.**  • '  * 

2.2  CAPACITORS 

2.2.3  GLASS 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COMPONENT 
Capacitor,  Glass 


DESIGN  ALLOV.’ABLES 


n 


ergs 

gm-Cc) 


Class  Vforks 


200pf,  5oo\n)c 
cil3C20U-A 
(Vitreous  Enamel) 

220pf,  3OOVDC 
CY-13C221J-A 
[Vitreous  Enamel) 

220pf,  5OOVDC 
(Vitreous  £>iamel) 
CT17C22U-A 

560pf,  3OOVDC 
(Vitreous  Enamel) 
CrL756lJ-A 

560p:-,  5OOVDC 
(Vitreous  Enamel) 
C5f22C56U-A 


BASIS  FOR 

DESIGN 

ALLO'n’ABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

Leakage  R(-78.1t^) 

at  2.08(15 )nf 

12p  200 

Capacitance  (+2.51^) 
at  2.3U(llt)ne 

Ip  253,  687 

Capacitance  (>1.5^) 
at  1.36(lU)ne 

lp259,  687 

Capacitance  (+2?6) 

15p  17,  19 

Capacitance  (+1.5?^) 
at  8.14(15 )nf 

4p  119 

Capacitance  (+2^t) 
at  8(15 )nf 

4p  119 

Capacitance  (+2^) 

at  1. 09(16 )nf 

4p  119 

Capacitance  (+1.6^) 
at  8(15  )nf 

4p  119 

Capacitance  (+0.4^^) 
at  1.25(14 )nf 

4p  124 

I 


17 


NUCLEAR 


DESIGN 


Vltramon  Cont. 

560pf,  50OVDC  6.0(9) 

(Vitreous  Enamel) 

Cy22C56U-A 

120Opf,  300VDC  3.1  (10) 

(Vitreous  Enamel) 

CY22C122J-A 

"  7.3(9) 


120Opf,  50CfVDC  5.3(9) 

(Vitreous  Enamel ) 
af32C122J-A 

2.6  (10) 


ergs 

gm-(C) 


MATERIAL  OR 
COMPONENT 
Capacitors,  Glass 


5600pf,  300VDC 
(Vitreous  Enamel) 
CY32C562J.A 


2.7  (10) 


EFFECTS  DESIGN  ALL0’.:ABLES 


n 


— rr 

cm 


f.2  (I6))fi 
EX).9Mev)j 


BASIE  FOR 

DESIGN 

ALLO'a'ABLES 


Capacitance  (■*-!. 6]() 
at  1.04(l6)nf 


..3  (ll)nf  Capacitance 
EX).5Mev)|  at  7.**(l3)nf 


J.2  (l6)nJ 
BXi.5Mev) 

.6  (l6)nr 
E>0.tjMev) 


Capacitance  (+1.5^t) 
at  l».3(l5)nf 

Capacitance  (+2^) 
at  3.69(15 )nf 


..2  (ll»)nj 
E:X>.5Mev) 

.3  (1^4  )ni 
E>0 .  “jMev ) 


Capacitance  (-0.^$) 
at  2.25(12 )nf 

Capacitance  (+1^1) 


RADIATION 

EFFECTS 

REFERENCE  No. 


»*P  125 

Ijp  12^ 

»»P  125 
Itp  125 

Up  128 
Up  128 


18 


2.2 


CAPACITORS 


2.2.U  MICA 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COIPONENT 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

DESIGN 

RADIATION 

EFFECTS 

ergs 

n 

Capacitors,  Mica 

Rm-(C) 

cm 

a  H  I  jp.iS 

REFERENCE  No. 

Aerovox  Corp. 

20Ppf 

CCU5CH201J  (3  ea) 

2.7  (10) 

9.3(Ht)ne 

Capacitance  (-1.5)^) 
at  7.68(11*  )ne 

Ip  9**,  685 

6200pf 

CM35B622J  (U  ea) 

3.5(10) 

1.1  (I5)ne 

Capacitance  (-5.51^) 
at  7.97(11*  )ne 

Ip  1U3,  686 

(6  ea) 

1.7  (11) 

1.1  (I5)ne 

Capacitance  (-1/&) 

5pl2 

O.liaf 

CM65B10l4j  (h  e&) 

9.0  (10) 

2.k  (I5)ne 

Capacitance  (-5%) 

5pl7 

Bendix  Corp. 

0.12mf,  5O0VDC 

E-315,  Hi -Temp 
"Samica"  (6  ea) 

1.3(9) 

2.2(114) 

(E>  0.5Mev 

Capacitance  (O.Ojt) 

) 

35p  10.31* 

Centralab 

200pf 

CCt5CH20LJ  (3  ea) 

2.7  (10) 

9.3(l>4)iir 

Capacir,ance  (  +  10.5)t) 
at  3.32(ll»)nf 

Ip  91*,  685 

19 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 
Capacitors,  Mica 

DESIOT  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

Bm-(C) 

cm 

Comell-Dubllier  Elect 

rlcal  Cor 

6200pf 

CM35B622J  (U  ea) 

3.5(10) 

1.1  (I5)n> 

^  Capacitance  (-0.26)1] 
at  1.13(15 )ne 

Ip  1U3,  686 

O.laf 

(2';65C1CAj  (6  ea) 

3.1*  (10) 

1.1  (I5)ni 

:  Capacitance  (-1.7)t) 
at  1.05(15 )ne 

Ip  17**,  686 

Erie  Resistor  Corp. 

lOOpf 

CB11PX681G  (6  ea) 

1.9  (10) 

6.1»  (lU)n( 

Capacitance 
at  5.35(ll»)ne 

Ip  72,  685 

200pf 

CC145CH201J  (3  ea) 

2.7  (10) 

9.3(ll*)ne 

Capacitance  (-2)t) 
at  7.68(ll»)ne 

1  P  91*,  685 

O^tOpf 

CIiSlFXlOlG  (6  ea) 

♦ 

*  .  *•  • 

•  «  •  1 

1.9  (10) 

*  »  . 

V.. 

6.i*  (lL)n( 

Capacitance  (-l)t) 
at  5.35(ll*)ne 

1  p  78,  685 

20 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 
Capacitors,  Mica 

DESIOTl  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFEOTR 

ergs 
pjn-(C)  . 

n 

- ^ 

cm 

ALLOWABLES 

REFERENCE  No. 

Micamoid'  Radio .Corp. 

« 

• 

» • 

6200pf*  •  :  . 

CM35B622J  (I4  ea) 

•  * 

^.5(10) 

l.l.‘(l'5-)n« 

•  • 

• 

Capacitance  (-*-0.26^) 
at  1.3U(ll<)ne 

Ip  1»*3,  686 

* 

•  •  .* 

• 

• 

■ 

• 

Sprague  Products  Co. 

O.lmf 

CM65CIOLJ  (6  ea) 

3.J*  (10) 

L.l  (I5)ne 

Capacitance  {-2.2$) 
at  1.03(15  )ne 

Ip  17**,  686 

• 

• 

• 

'•  '  ....  -  > 

•  .  •  ;  .vVi.~ 

7  *  *  •.  »'  :  ■ 

•  •  . 

••  •  ^  • 

'rc 

•  •  • 

•  ••  • 

/  -.i*/ 

* 

• 

•  •  # 

•  • 

• 

. .  •  •  • 

•  .  •  0  “ 

*• 

O*  9 

1 

2.2 


CAPACITORS 


I 
I 

2.2.5  MSfLAR  T 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.'ABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

1 

ergs 

n 

DJLblCJlY 

ALLO*.s^ABLES 

CftMcltorg.  Mylar _ 

gm-(C) 

cm 

REFERENCE  No. 

11 

Balco  Research  Labs 

0.5'ftf»  200vde 
qiM-l(Zine-Me tali  zed 
Mylar)  (6  ea) 

*♦.3(10) 

1.4(16) 

(E>0.5Mev; 

Capacitance( ~2$ ) 

35p  10.26-33 

il 

il 

Comell-Dubllier  Elec 

;ric  Corp 

il 

0.25mf+20^t^  UOOvdc 

STM  (Mlnlroc)  (6  ea) 

1.1(10) 

2.7(15) 

(E>0.5Mev; 

Capaci tance ( -2^ ) 

35p  10.25-33 

1! 

0.25nif+20^;  UoOvdc 

MUF  “  (  6ea) 

1.1(10) 

2.7(15) 

(E>0.5Mev 

Capac  1  tanc  e  ( -2^t ) 

35p  10.25-33 

(1 

n 

Electron  Products 

il 

Dlv.  Preco,  Inc. 

36500pf +5't,  200vdc 

Dry  I^lar  (3  ea) 

1.5(9) 

•1(16) 

E>0.1Mev) 

Capacitarce(-15^) 

@  4.5(l5)nf 

lOp  Il8 

11 

li 

0.6U7raf+20^t,  Dl8s.t» 
O.^/f^Tar  film  & 
foil,  E-120  (1  ea) 

6.2  (10) 

4.2  (16) 
(E>  IMev) 

Leakage  R(-99.7)() 

@  1.65(l6)nf 

12p  205 

O.lmf,  200vdc 
(Me tali  zed  Mylar) 
DG2-10i*(IS)  (2  ea) 

3.9  (8) 

Leakage  R(-901t) 

@  2.8(6)  ergs /gm-(c) 

12p  103 

11 

{ 

1 

|! 

(1  ea) 

1.8  (10) 

1.4  (15) 

(E>2.9Mev 

Leakage  R(-9l».6^) 

12p  109 

[1 

It 

22 


U 


MATERIAL  OR 
COMPONENT 


Electron  con't 


0.22nif  eUOOvdc  +205t 
Mylar  filjn  &  foTl 
EU-22U(is) 

0.22iiif+20^,  Dl6S<0.6^ 

Mylar  Tllm 

E-120,  EU.22U  (1  ea) 

0.6amf+l^,  200vdc 
Dry  MyT*u-  (3  ea) 


Electronic  Fabrlcatoi 
Inc. 

0.5mf+10^,  200vdc 
Type  MW  Mylar 


General  Electric  Co. 


0.039nif,  300vdc 
Dry  Impregnated 
CTM  393VDK,  2V10U 
(3  ea) 

0.039mf  300vdc 
Dry  Impregnated 
CTM  393VDK,2V10U 
(3  ea) 


VR  RADIATION  EFFECTS  DESIGN  ALL01-7ABLES 


DESIOf  ALL0IV.’ABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

ergs 

n 

gm-(C) 

2 

cm 

REFERENCE  No. 

7.6(9) 

3.7  (15) 
(E>  IMev) 

liCaluee  R(-96.1)t) 

®  7.5(l3)nf 

12p  203 

6.2  (10) 

4.2  (16) 
(E>  IMev) 

Leakage  R(-98^) 

®  8.58(l5)Bf 

12p  204 

1.5(9) 

1(16) 

(E>.lMev) 

Capacitance( -7 . 35^  ) 

@  9(l5)nf 

lOp  Il8 

Sj. 

2.2(9) 

5.6(14) 

(E>0.5Mev) 

Capacltance( -2^) 

35p  10.26-33 

3.6(8) 

2.4(15) 

(ErO.lMev) 

Capacitance  (<l^t) 

lOp  122 

U.6(8)  3«6(15)  Capacitance (+3 *62^) 

(E>0.1Mev) 


53  Fig  29 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLCC.JABLES 


MATERIAL  OR 

DESICT  ALLCA.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

W  cITi  T 

ergs 

n 

DiLblGH 

ALLOWABLES 

Capacitors,  Mylar 

gm-(C) 

9 

cm  ‘ 

REFERENCE  No. 

Good-All  Electric  Mani 

ifacturini 

:  Co. 

2200pf +20jt,  lOOvdc 
663-W 

"  200vdc 

"  UOOvdc 

"  oOOvdc 

5.3(9) 

1.6(l6)ne 

Capacitance(-f9.2^) 

@  5.4(l5)ne 
Capacltaiice(+10.4^) 
e  8(15 )ne 

C  apac  i  t  anc  e  ( +8 . 5lt ) 

®  8(15 )ne 

Capacitance(  ■«-l4 . 3^) 

@  1.0l(l5)ne 

4p  112 

O.OhTmf,  oOOvdc 

Dry  Impregnated 

66 3F  (3  ea) 

3.6(8) 

2.**(15) 

(E>0.1Mev; 

C  apac  i  tance  (  4-2 . 28^ ) 

53  Fig  29 

O.O^Tmf,  600vdc 
x663F  (3  ea) 

3.6(8) 

2.4(15) 

(E>0.1Mev; 

Capacltance( -6^) 

@  2(l3)nf 

lOp  122 

0.05  nl’,  50  vdc 

Dry  impregnated 

X6OIFE  (UU6)  (3  ea) 

3.6(8) 

2.4(15) 

(E>0.1Mev; 

Capacitance(  -T.2^t) 

@  2(l2)nf 

lOp  121 

(3  ea) 

U.6(8) 

3.6(15) 

(E>0.1Mev 

C  apac  i  tance  ( -  5 . 95t ) 
at  2.4(l5)nr 

53  Fig.  29 

O.lmf,  lOOvdc 

Dry  Impregnated 

6130  (10U9.IW2)(3  ea) 

U.6(8) 

3.6(15) 

(E>0.1Mev; 

C apac i tance ( -9 . 3^ ) 

@  l(l3)nr 

53  Fig.  29 

"  (3  ea) 

3.6(8) 

2.4(15) 

(E^O.lMev; 

C  apac  i  tance  ( -l^t ) 

lOp  121 

2U 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOt-fABLES 


MATERIAL  OR 
.  ■  .CCMPOIffiNT 

, 

JJapQcitors  •.  Mvlar 

DESIGN  ALL(».’ABLES 

BASIS  FOR 

DESIGN 

ALLOH^ABLES 

RADIATION 

EFFECTS 

ergs 

gm-(C) 

n 

REFERENCE  No. 

Good-All*  con'l  • 

0;inif ,  •50vdc 

Dry  Impregnated 

627G  (10U9.5W2)(3  ea) 

U.6(8) 

3.6(15) 

(E>0.1Mev; 

Capacltance('f9.8^)  . 
(9  2.U(l5)nf  43.6(8) 
ergB/0n-(C) 

53  Fig.  29 

O.lrif,  50vdc 

Dry  Impregnated 

X6OIPE  (3ea) 

U.6(8) 

3.6(15) 

(E>0.1Mev; 

Capacltance(-2.63^) 

@  3.2f6)erg8/gm-(cy 
2.l(l5)nl‘ 

53  Fig.  29 

O.lntf,  50vdc 

X60IPE  (UU6)  (3ea) 

3.6(8) 

2.M15) 

(E>0.1Mev 

Capacitance( -1^) 

lOp  121 

O.lSraf,  50vdc 

Liquid  Impregnated 
617G  (1540-S)  (3ea) 

3.6(8) 

2.m5) 

(ESO.lMev 

Capecltance( +2. ^ ) 
e  2(l3)nf 

lOp  121 

"  (3ea) 

U.6(8) 

^6(15) 

(E>0.1Mev 

Capacltcmce  ( .«-3 .11(  ) 

@  7.6(l^)nl“ 

53  Fig.  29 

0.22mf+10^,  300vdc 
BSAD-T 663  W  (6  ea) 

l.l(io) 

2.7(15) 

(E>0.5Mev 

Capacltance( -2^) 
Leakage  R  -l(3) 

35P  10.26-33 

O.Jaf,  lOOvdc 

Dry  I^regnated 

663F  (3  ea) 

3.6(8) 

2.«»(15) 

(E>0.1Mev 

Capacl tance ( -2 . 3^ ) 

@  2.U(l5)nf 

lOp  121 

"  (3  ea) 

J».6(8) 

3.6(15) 

(E>0.1Mev 

Qapacltance(  -T  .15^^) 

53  Fig.  29 

25 


NUCLEA.R  RADIATION  EFFECTS  DESIGN  ALL0V7ABLES 


MATERIAL  OR 

DESlCai  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

JjiLblGlH 

ALLOWABLES 

gm-(C) 

— :r 

cm 

REFERENCE  No. 

Hopkins  EnglneerlngCo 

O.lmf,  200vdc 

P>12M  (Me tall zed  Mf1&] 

1.9(10) 

■) 

1.5(15) 

(E>2.9Mev; 

Leakage  R(-94.65i) 

®  5.2(8)  erga/ffn^C) 

12p  193 

O.lmf  @200vdc+20^t 
P-12M(A03678-5)  (film 

7.6(9) 

3.8(15) 

(E>lMev) 

Leakage  R(-80.8^) 

@  4.2(9)  ergs/gm-(c) 

12p  197 

O.ianf  @200vdc+5^ 
P-122MFC  (filjn7 

Plastic  Capacitors, In 

7.6(9) 

'  « 

3.8(15) 

(E>lMev) 

Leakage  R(-82.35t^ 

@  1.0(9)ergB/gm-(C  ) 

12p  199 

0.01mf+205t 

Impre^iated  vlth 
Stycast 
#62 

LS4-103  (9  ea) 

1.6(11) 

7.6(i4 )ne 

Capacitance(+8. 3!l) 
immediately 

2p  328 

Sprague  Products  Co. 

Iraf  HYDREL 

MrL-C-262UL  (  100  ea ) 

9.1(10) 

2.2(l6) 

(E>2.9Mev' 

Capacitance( small 
increase)  94ea 
failed 

Threshold  of  failiire 
1. 845(15  )nf>2.SMev 
&  8.495(9)ergB/gm-(C 

45p  11,19 

26 


2.2 


CAPACITCatS 


2.2.6 


MIIAK  fc  PARR 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLa-7ABLES 


MATERIAL  OR 
CCMPONENT 
apacitors.  Mylar  it 
Paper 


DESIGN  ALLOV.’ABLES 


grn-(C) 


O.lmf,  CPM08 
iTrpregnated  with 
CI6-I8  alkyl  biphenyl 
dielectric  fluld(lOea 


O.lmf,  CPMO8 
Impregnated  with 
B1  a  (  E^ienoxphenyl ) 
Ether  Dielectric 
Fluid  (10  ea) 


O.lmf,  CPMO8 
Impregnated  vlth 
MONO  ISOFROFYLBI 
Dielectric  Fluid 
(25  ea) 


O.lmf,  CPMO8 
impregnated  with 
Etherm'A"  dielectric 
fluid 


O.lmf,  CPMO8 
Impregnated  with 


1(10) 


1(10) 


1(10) 


Etherm 


Dielectric 


fluid  with  U  % 
Inhibitor  (lU  ea) 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


100)6  of  all 
capacitors  tasted 
failed  under  a 
voltage  pulse  of  200 
volt  e  135°C  after 
a  dose  of  8(8)e/g-C 

86)6  of  all 
capacitors  tested 
fsdled  under  a 
voltage  pulse  of  2CC 
volts  @  135°C  after 
a  dose  of  l(9)e/g-C 

65)6  of  all 
capacitors  tested 
fedled  under  a 
voltage  pulse  of 
2000-V  ®  135°C  after 
a  dose  of  l(9^/g-C 

57)6  of  all 
capacitors  tested 
failed  under  a 
voltage  pulse  of 
2000-V  @  135°C  after 
a  dose  of  1(9)  ®/g-C 

50)6  of  all 
capacitors  tested 
failed  under  a 
voltage  pulse  of 
2000-V  e  135°C  after 
a  dose  of  l(9)*/g"C 


70  p.  9** 

p.  10 

p.  1 


70  p.  9^ 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOi?ABLES 


MATERIAL  OR 

!  DESICaj  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Capacitors,  Mylar  & 
Paper 

ergs 

n 

ALLOWABLES 

em-(C) 

cm^ 

Ganaamo  con't 

O.lmf,  CPM08 
impregnated  vlth 

Bi 8( Phenoxyphenyl ) 
Ether  Dielectric 

Fluid  (50  ea) 

1(10) 

of  all  capacitors 
tested  failed  under 
a  voltage  pulse  of 
2000  volts  ®  135°C 
after  a  dose  of  l(9) 

70  p  96,10,1 

O.lmf,  CPM08 
impregnated  vith 

Mono  IsopropylBipheny 
Dielectric  Fluid  with 
out  inhibitor 

1(10) 

L 

62^  of  all 
capacitors  tested 
failed  \mder  a 
voltage  pulse  of 
2000-V  @  135  C  after 
a  dose  of  l(9)e/g-C 

70  p  96,10,1 

O.lmf,  CPM08 
Impregnated  with 

Mono  IsopropylBipheny 
Dielectric  Fluid  with 
Inhibitor 

1(10) 

L 

3056  of  all 
capacitors  tested 
failed  under  a 
voltage  pulse  of 
2000-V  @  135°C  after 
a  dose  of  l(9)e/g-C 

70  p  96,10,1 

O.lmf,  CPM08 
with  Etherra  "A" 
Dielectric  Fluid 

1(10) 

lO^t  of  all 
capacitors  tested 
failed  under  a 
volteige  pulse^jOf 
2000vdc  @  135  C 
after  a  dose  of  l(9) 
e/g-C 

70  p  100,1,10 

O.lmf,  CPM08 
impregnated  with 
oversired  inhibited 
FC-1*3  Dielectric 
fluid  (Perfluorutrl- 
butylamlne)  (8  ea) 

1 

1 

1 

1(10) 

100^6  of  all 
capacitors  tested 
failed  under  a 
voltage  pulse  of 
2000volts  @  135  C 
after  a  dose  of 
6.2(8) e/g-C 

70  p  98,1,10 

28 


2.2 


cAPAcrroBS 


2.2.7  PAPER 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALia^ABLES 


MATERIAL  OR 
COMPONENT 
Capacitors,  Paper 

DESIOf  allc»;ables 

BASIS  FOR 

DESICT 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

®n-(C) 

an^ 

Aerovox  Corp. 

O.laf  *  2C^ 

3.3  (10) 

2.7  (I5)ne 

Capacitance  (-12.6]() 

1  P  105 

CPOUAlEElOlM  (3  ea) 

at  6.2U(lU)ne 

"  (3  ea) 

2.6  (10) 

1.1  (I5)ne 

Capacitance  (-20J() 

2p  285,  286 

O.lmf 

2.6  (10) 

1.1  (I5)ne 

Capacitance  (-11)1) 

2p  297 

CPOltAlKElOltM  (3  ea) 

1  shorted 

"  (3  ea) 

3.3  (10) 

2.7  (I5)ne 

Capacitance  (-14. 5)1) 

Ip  193,  686 

aU3.95(l4)ne 

O.lxof 

2.6  (10) 

1.1  (I5)n« 

All  failed 

2p  307 

CP25A1EF10UK  (3  ea) 

2  shorted,  1  rupture 

0.5mf 

2.7  (10) 

1.3  (I5)n« 

Capacitance  (-20.9)1) 

Ip  219,  687 

CP53B2PF50UK  (3  ea) 

at  6.25(l4)ne 

0.5mf 

2.9  (10) 

2.J»  (l5)ne 

Capacitance  (-32.3)1) 

Ip  206,  687 

CP53B1D50UK  (3  ea) 

at  2.13(l4)ne 

(3  ea) 

k.6  (10) 

3.0  (I5)ne 

Capacltsmce 

2  P  316 

All  3  shorted  out 

In  pile.  All  had  oil 

leaks  at  end  of  test 

0.5mf 

l*.6  (10) 

7.2(15 )ne 

Capacitance  (-l6.5)() 

2p  319 

CP53BlFF50l»K  (3  ea) 

at  6.6(l4)ne 

2  shorted  at  3.78 

(15 )ne 

l.Oof 

2.7  (10) 

1.3  (I5)ne 

Capacitance  (-28j() 

Ip  229,  687 

CP63Bli»105K  (3  ea) 

at  3.36(l4)ne 

10  af 

2.7  (10) 

1.3  (I5)ne 

Capacitance  (-34.5^) 

Ip  240,  667 

CP70E1EF106K  (3  ea) 

at  3.19(l4)ne 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLa-JABLES 


MATERIAL  OR 
COMPONENT 
Capacitors,  Paper 

DESIGW  ALL0V.’ABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

gn-(C) 

n 

cm^ 

Comell-Dubllier 

Elect.  Corp. 

0.1  mf 

2.6  (10) 

1.1  (15) 

Capacitance  (-13.7%) 

2  p.  285,  286 

CPOLaIEEIOLm  (3  ea) 

ne 

@  1. 11(15 )ne,  1 

shorted 

0.1  mf 

3.3  (10) 

2.7  (15) 

Capacitance  (-12.6%) 

1  p.  185,  686 

CPOUAIEEIOLm  (3  ea) 

ne 

@  6.23(l*t)  ne 

0.1  mf 

3.3  (10) 

2.7  (15) 

Capacjtamce  (+16.2%) 

1  p.  198,  686 

CPOUALKEIOLm  (3  ea) 

ne 

@2.58  (15  )ne 

0.1  mf 

3.3  (10) 

1.1  (15) 

Capacitance  (+17%) 

2  p.  297 

CPOUAIKEIOLM  (3  ea) 

ne 

@  1, 11(15 )ne,l  openec 

0.1  mf 

2.6  (lo; 

1.1  (15) 

Capacitance  (-20,5%) 

2  p.  303 

CP25A1EF10LK  (3  ea) 

ne 

@5.81  (llt)ne 

0.5  mf 

It. 6  (lo; 

6.9(l5)ne 

Capacitemce,  All 

2  p.  321 

CP53B1FF50Lk  (3  ea) 

failed  >«+3(l5)ne 

0.5  mf 

2.9  (lo; 

2. It  (15) 

Capacitance  (-18%) 

1  p.  215 

CP53B1EF50Lk  (3  ea) 

ne 

®  9.9(l^)ney  2  shortet 

0.5  mf 

2.7  (lo; 

1.3  (15) 

Capacitance  (-36.2%) 

1  p.  225,  687 

CP53B2FF50Lk  (3  ea) 

ne 

@  2.19(lJt)ne 

1  mf 

2.7  (lo; 

1.3  (15) 

Capacit€uice  (-32.6%) 

1  p.  229,  687 

CP63B1EF105K  (3  ea) 

ne 

@  3.36(l»t)ne 

10  mf 

2.7  (10 

1.3  (15) 

Capacitance  (-31.9%) 

1  p.  2L9,  687 

CP70E1EF106K  (3  ea) 

ne 

@  2,09(lU)ne 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESICTI  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

D^iOluri 

ALL0».n'ABLES 

Capac Itors , Paper 

gm-(c) 

cra^ 

REFERENCE  No. 

Crocker.  Burbank 

Paperj  Inc. 

0.5nif,  UOO  vdc 

Metal  clad  tubular, 
IcQ)regnated  with 
refined  Sun-XX  oil 

L(10) 

Capacitance  decreased 
about  3)(  @  2^°c  k 

7%  ®  125''c,D.F.  more 
than  doubled  @  25°c 

8c  Increased  6  times 
@  125°c^I.R.(-33)i) 

@  25°c  8c  (-12.5^)  @ 
125°c .  The  paper 
was  also  weakened  8c 
shorted  when  voltage 
was  applied. 

70p  32 

Electron  Products 

Division, Preco,  Inc. 

0.1  mf.  200  vdc 
(Metalized)  MG2-101* 

(2  ea) 

1.8  (10) 

1.1*  (15) 
(E>2.SMev) 

Leakage  R(.95.2)t) 

12p  191 

(2  ea] 

3.9  (8) 

Leakage  r(-U1*)() 

@  6.88(6)ergB/gm-(c) 

12p  181* 

0. 1  mf  @  200  vdc 
-  105^  (Metalized) 
encased  in  epoxy 
tube,  ME2-10l»E 
(Epicon ) 

7.6(9) 

3.7  (15) 
(E>1  Mev) 

Leakage  R(-83)() 

@  2.79(15)  nf 

12p  202 

0.1  mf  -  20)1,  EF<l)t 
Metalized  Paper 

Epoxy  Impregnated 

M150  (lea; 

6.2  (10) 

1*.2  (16) 
(E>  IMev) 

Leakage  R(-99.0)t) 

@  1.65(16 )nf 

12p  206 

0. 1*7  mf,  200  vdc 
Metalized  Paper, 
^oxy  impregnated  , 
wrap  tc  end  fill, 
M2-471* 

1.8  (10) 

1.1*  (15) 

(E>2.SMev) 

Leakage  R(-9l*.7)t) 

12P  190 

(2  ea) 

3.9  (8) 

Leakage  R(-l*l*)() 

S  6.88(6)ergs/gm-(C) 

12p  I8U 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOl^ABLES 


MATERIAL  OR 

DESIOr  ALLCKv’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No 

ergs 

n 

ALLOl^ABLES 

Capacitor,  P^er 

®n-(C) 

2 

cm 

Mlcamold  Radio  Corp. 

0.1  mf 

CPOltAlEElOU  M  (3ea) 

3.3(10) 

2.7  (I5)ne 

Capacitance  (-*-18.^) 
@  2.6(i;)ne 

Ip  180,686 

"  (3ea) 

2.6(10) 

L.l  (I5)ne 

Capacitance  (-*-l6.9j() 
®  1.11(15 )ne 

1  shorted 

2p  286 

0.1  mf 

CP25A1KE104  M  (3ea) 

2.6(10) 

L.l  (I5)ne 

Capacitance  ^+21.6f|^) 
@1.11(15 )ne 

2p  298 

0.1  mf 

CP0l*AlKE10»J  M  (3ea) 

3.3(10) 

2.7  (I5)ne 

Capacitcmce  (■*-17.5)() 
®  2.6(l5)ne 

ip  201,686 

Sangamo  Electric  Co. 

0.1  mf 

CMP08 

1(10) 

Capacitance  (-&!>). 
Factor  of  2  increase 
in  dissipation 
factor,  factor  of 

7  decrease  in  insu¬ 
lation  R 

70!P  30 

0.1  mf,  Samica  with 
C-oil  solid  impreg¬ 
nated 

1(9) 

30^  of  all  capacitori 
tested  failed  under 
a  voltage  pulse  of 
2000V  @  135°C 

7Pp  100 

0.1  mf,  Samica  vith 
mono- isopropyl- 
biphenyl  dielectric 
fluid 

1(10) 

20^  of  all  capacitori 
tested  failed  under 
a  voltage  pulse  of 
2000V  @135°C 

7Qp  100 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV7ABLES 


MATERIAL  OR 
"  \CCMPONENT 

DESIfflf  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

Capacitor,  Paper 

gm-(C) 

cm^ 

Sprague  Products  Co. 

■ 

0.1  mf 

CP0ltAlEE10l<M  (3  ea) 

2.6(10) 

1.1 

(15)™ 

Capac  itance  ( -t-pU .  ) 

@  6.8(lU)  ne 

1  opened 

2p  285,286 

(3  ea) 

3.9(10) 

2.7 

(15)™ 

capacitance  (-IT^t) 

©  3.6(l4)ne 

Ip  188,  686 

0.1  mf 

CP04a1EE1014M  (2  ea) 

3.9(10) 

2.7 

(15 )™ 

capacitance  (-18.5^) 

Ip  188,  666 

"  (3  ea) 

2.6(10) . 

1.1 

(15)™ 

Capacitance  (-21^) 

1  shorted 

2p  291 

0.1  mf 

CP0UAlKE10i»K  (3ea) 

2.6(10) 

1.1 

(15)™ 

Capacitance  (-26.2^) 
1  shorted 

2p  29*t 

(2ea) 

3.9(10) 

2.7 

c 

t/\ 

Capacitance  (-19)()© 
3.95(l'<)ne 

Ip  204,687 

O.lnf 

CPOUAIKEIOLm  (3  ea) 

3.9(10) 

2.7 

(15  )n( 

Capacitance  (-l8.1»^S) 
©6.05(1^ )ne 

ip  193,686 

(3  ea) 

2.6(10) 

1.1 

(I5)n< 

Capac  i  tance  (  -  28 . 55t ) 

1  shorted 

2p  298 

0.1  mf 

CP25A1EF1014K  (3  ea) 

2.6(10) 

1.1 

(15 )™ 

Capacitance  (  -28. 31^  ) 

1  shorted 

2p  311 

0.1  mf,  200vdc 

195P  (Hyrel)  (U  ea) 

5.7(10) 

2.1*(l7)nf 

Capacitance(-12^)  © 
1.1(17), all  failed 
from  outgassing 

15p  17,20 

0.1* Tnf  @600vdc 

Hi  Density  paper 
Impregnated  with 
standard  amount  of 
Vitamin  Q  (8ea) 

1.9(10) 

Paper  deteriorated  & 
capacitor  hurst  due 
to  outgassing  of 
impregnant  &  paper, 
capacitance  (-lOjt) 
at  1«.38  (7)ergB/gm-(d 

55P  3,  11,  16 

0.J*7mf  @600  vdc 
Stand&rd  paper  im¬ 
pregnated  extra 
full  with  Vitamin  Q 
(8  ea) 

5.8(9) 

Paper  deteriorates  8> 
capacitor  btirst  due 
to  outgassing. 
capacitance  (-Sjt) 

@  **.38(7)ergB/gm-(c) 

55p  3,11,  16 

3^ 


NUCLEAR  RADUTION  EFFECTS  DESIGN  ALLOl/ABLES 


MAHRIAL  OR 
COMPONENT 

DESIffll  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

ALLOWABLES 

Capacitors, Paper 

0n-(C) 

an^ 

REFERENCE  No. 

SpraAiue  Con't 

0.1*7mf  @600vdc 

Hi  density  paper 
impregnated  extra 
full  with  VltaminQ 
(8  ea) 

1(10) 

Paper  deteriorated 
due  to  outgasslng  of 
impregnant  &  paper, 
capacitance  (-1.8]() 
at  2.26(7)erg8/gm-(a 

55P  3,  U,  16 

0.1»7mf  0  600vde 
standard  paper^ 
standard  ln5>regnated 
vith  ether 

1.9(10) 

Ptper  gasses  and 
becomes  weak  , 
brittle  and  flakey. 
Dissipation  factor 
increases  several 
orders  of  ma^ltude. 
Capacitance  (-13?5) 

55P  3,11,17 

0.1*7  mf  @600vdc 
standard  paper  and 
impregnated  with 
standard  ether 
(extra  full) 

1.9(10) 

Paper  gasses  etnd 
becomes  weak,  brittle 
and  flakey. Capacitor 
ruptures  due  to  o\t  - 
gassing  of  pp  er  and 
e the r . Capac i tance 
(-13^6) 

55P  3,  11,  17 

0.47iiif  '^»vdc 

Hi  density  paper 
and  Impregnated 
extra  full  with 
ether 

1.9(10) 

Paper  gases  emd 
deteriorates. 
Capacitor  ruptures 
due  to  outgasslng 
of  paper  and  ether. 
Capac itauice  (5-95^) 

&  2.26(7)ergs/gm-(C) 

55P  17 

•  0.1*7nif  @600vdc 

Hi  density  paper 
and  loqpregnated  with 
a  standard  load  of 
ether 

• 

• 

•  • 

• 

1.9(10) 

• 

Paper  gases  and 
deteriorates. 
Capacitor  nptures 
due  to  outgasslng 
of  paper  amd  ether. 
Capac  itamce  f  -13  •  35^  ) 
G2.26(7)ergs/gm-(C) 

55P  17 

0.5  mf 

CP53B2FF50UK  (3  ea) 

* 

2.8(10) 

l.l*(l5)n« 

Capacitance  (-19.5)^) 
©  2.25  (lU)ne 

ip  225 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLa^ABLES 


MATERIAL  OR 
CCMPONENT 

Capacitors^  Paper 


Sprague  Con't 
0.5inf 

CP53B1IF50UK  (3  ea) 
1  mf 

CP63BIEF105K  (3  ea) 
lOmf 

CP70E1EF106k  (3  ea) 


DESICm  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

l;£«olGri 

ALLOl'/ABIiES 

®n-(C) 

REFERENCE  No. 

2.9(10) 

2.4(15  )n< 

Capacitance  (-17.3J() 
@3.97  (l4)ne 

Ip  217,687 

2.7(10) 

1.4(15  )iM 

Capacitance  (-30.2^) 

Ip  229,687 

2.7(10) 

1.3(l5)ne 

Capacitance  (-35. Tit) 
@  6.8(l4)ne 

Ip  240,687 

* 

36 


2.2  CAPACITORS 

2.2.8  PLASTIC 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOVJABLES 


MATERIAL  OR 
COMPONENT 


Bendlx  Cor 


Cincinnati  Dlv. 


Experimental,  Modlfle 
Poylstyrene  Dlelectrl 

'6  pft  1 


Plastic  Caoacltors 


O.Olmf+1056 
Cellulose  Acetate 
Dielectric, 006-103 
(6  ea) 

0.02raf,  Teflon 
Dielectric,  TGT5-202 
(6  ea) 


Hopkins  EnKineerinK  Cp. 


Polystyrene  dlelectrl 
PllPF 


DES1®J  ALLOV.’ABLES 

BASIS  FOR 

DESIGN 

RADIATION 

EFFFPTS 

ergs 

n 

am-(c) 

cm^ 

1  j|  a.  1 A  A.)  j  ^ 

FiEFERENCE  No. 

2.2(9) 

1 

5.6(14) 

(E>0.5Mev 

Capacltance( ) 

35p  10.26-33 

2.U(10) 

1.3(l5)ne 

Capacltance( -8^1 ) 

6  Failed  -  Shorted 

2p  327 

3.1(10) 

9.6(l4)ne 

Capacltance( +l4^ ) 

2p  332 

9.1(10) 

2.4(l5)ne 

Capac  1  tance  ( +11^6 ) 

5  failed 

5p  71 

D. 

1.9(10) 

1.5(15) 

(E>2.SMev 

Leakage  R  (-96. 9)^) 

@  5.2(8)ergs/em-(C) 

12  p  192 

7.6(9) 

3.8(15) 

Leakage  R  (-87.5lt) 

12  p  198 

(E>1  Mev) 

®  l.l(T)erg8/gm-(C) 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOT7ABLES 


I 


!l 

n 


MATERIAL  OR 

DESlffll  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLa.^ABIiES 

Capacitors.  Plastics 

®n-(C) 

an^ 

Sprats  Products  Co. 

0.3mf,  lOOOvde 
Polyester  dielectric 
In  dry  metal  can 

TVpe  65213  (4  ea) 

1.1(17) 

(E>0.5Mev| 

CaFacltance( -10)( ) 

1  failed 

35p  10.39-43 

0.3mf,  lOOOvdc 
Polyester  dielectric 
with  oil-filled  can 
-type  65214  (5  ea) 

1.1(17) 

(E>0.5Mev; 

Capacitance ( -10^ ) 

3  failed 

35p  10.39-43 

Western  Electric  Co. 

0.04mf 

Polystyrene  dielectrl 

(4  ea) 

/ 

5.7(10) 

2.4(l7)nf 

Capacitance(+8^)  @ 
6(l6)nf,  1  failure 

15p  17.18 
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2.3 


COAXIAL  CABIfS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV/ABLES 


MATERIAL  OR 

DESIGN  ALLWJABLES 

BASIS  FOR 

DESIGN 

ALLOl^ABLES 

RADIATION 

EFFECTS 

Coaxial  Cables 

ergs 

n 

gm-(C) 

cm 

REFERENCE  No. 

Amphenol -Borg 

Electronics  Corp. 

RG-29/U  Polyethylene 
(Amphenol  #21-018) 
i  ■  ^>3.5  ohms 

1.3(9) 

2.2(14) 

(E>0.5Mev 

z  (/  9.n) 

Leakage  R  Increased 
by  factor  100 

35  p  10.90 

RG  59/U  Polyfoam 
Equivalent  (Amphenol 
#621-715)  Z  73  ohms 

1.3(9) 

2.4(14) 

(EX).5Mev) 

Z  (/  31^^) 

Leakage  R  fairly 
constant 

35  p.  10.90 

Andrews  Corp. 

Air  Dielectric  Type 
with  "Refrasl" 
Insulator,  43  ohms 
3/8"  diameter  (50ft) 

--1(11) 

Insulation  R  decrease 
factor/\^100 

VSWR  1.15:  1.26 
unable  to  maintain 
air  pressure  In  cable 
due  to  silicone 
grease  leak 

4  p  8-15 

Prodelln,  Inc. 

RG-260/U  50  ohm 
"Splr-0-Llne"  (3ea) 

7  (10) 

6.1(16) 

(E>0.3Mev) 

Attenuatlon(/l3^^' ) 
at  .4.l(l6)nf, 

Z  C  2  ohms 

31  p  173-189 

Raychera  dorp. 

RG-8/U  Equivalent 
Polyolefin  (09-OO8R) 

2.5(11) 

1.9(17) 

(E>1  Mev) 

Z(/75i)  at  2(l0)e/g-c 
Attenuatlon(/8. 3^6  )at 
2.5(10)  e/g-c 

30  p.  111-122 

RG-9/U  Equl\'alent 

50  ohms,  Raylln  R(3ea, 

7(10) 

6.1(16) 

(E>0.3Mev) 

Attenuation (/ll^) 
at  4.8(l6)nf 

Z  r-  2  ohms 

31  p.  173-189 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOl^ABLES 


MATERIAL  OR 

DESICM  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Coaxial  Cables 

ergs 

gm-(C) 

n 

UfiOXuri 

ALLa^ABLES 

Rockbeatos  Products 

Aircraft  Cable,  Hl- 
Temp,  Fire  Resistant, 
N1  Clad  Cu  Wire, 
Inorganic  Barrier, 

Istpregnated  Teflon 
Jacket  &  Glass  Braid 

3.7(10) 

L.9(15)  ne 

[nsulation  R  decrease* 
by  order  100 

6o  p42,  36, 

46,  6l 

Tbcmas  A.  Edison  Indui 

tries 

Solid  Dielectric  Type 
Silica  Dielectric,  50 
dUns,  0,170"  diameter 
(48  ft) 

-1(11) 

Cnsulatlon  R  decrease* 
»y  order  — '100 
/SWR  1.05:1.11 

4  p8-15 

Times  Wire  and  Cable 

RG-8a/u  Standeuxl 
Mil-C-17  (3  ea) 

2.7(11) 

1.9(17)  ’ 
E>1  Mev) 

Z  (+10lt)  ®  5(8)  ergs/) 
(cl  attenuation 
{t  '♦.76lt) 

30  plll-122 

Nlscellazteous 

HO-225/u 

Teflon  (60  ft.) 

2(9) 

1(16) 

;B>0.1  Mev) 

VSWR  1.09:1 

Teflcn  cracked  fc 
soft 

10  p24 

UO 


i 


2.4  COHWECTCWS.  EUSCTRICAL 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALL0H7ABLES 


MATERIAL  OR 

DESIOY  ALLOWABLES 

BASIS  FOR 

RADIATION  ■ 
EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

Connectors,  Electri- 

®n-(C) 

cm^ 

Anpbenol-BorK 
Electronics  Corp. 

AN-3102A-12S-3P  &  S 
(lea) 

2.4(8) 

Leakage  I  increased 
by  factor '^lo4 

14  p  11 

26-4100-32P 

32  contacts  (lee) 

2.2(10) 

1.6(l4)ne 

R  between  pins 
Increased  by 
factor-^  105 

5  P  129 

Bendlx  Corp. 

AN  Hi-Temp  Type 
(Scintilla  Dlv) 
MII-C-5015-C, 

Series  K,  20  Amp, 
TOOvdc  or  500vac, 
Glass-Bonded  Mica 
and  Silicone  Rubber 
(6ea) 

1.4(9) 

2.5(14) 

(E>0.5Mev; 

Leakage  R  decreased 
by  factor  >10j 
not  rec.  for  nuc. 
environments 

35  P  10.100 

pto6ce-8-4s 

(Bendlx  Special 
^end  rubber  Insert) 
U  ea) 

1.3(9) 

8.7(11 )nf 

l(12)nt 

Insert  swelled  and 
Turned  gray.  Good 
condition. 

8  p  113-120 

PTO0SE-12-10P  and 
PTO6SE-I2-IOS 
(Neoprene  Inserts) 
(3ea) 

1(9) 

5.1(15) 

(E>0.1Mev; 

Pln/Pin  R  decreased 
by  order  .~103 

10  p  141 

PT  1H-1210P 
(hermetic  Seal) (Pea) 

1(9) 

5.1(15) 

(EXJ.UIev 

Pin/ Pin  R  decreased 
by  order^lO** 

10  p  141 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLCT/ABLES 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV7ABLES 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


2.5 


COBE^  COMPUTER 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


2.6 


CRYSTALS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.LOV.’ABLES 


MATERIAL  OR 
COMPONENT 

Czystals 

DESICTl  ALLOWABLES 

BASIS  FOR 

DESIGN 

ALLOl^ABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

cm'^ 

cr-16/u 

12<Xc  "DT"  Cut  Quartz 

3.6(10) 

5.7(l3)nl 

2  p769. 

in  HC-5/U  Holder 

66o 

James  Knights  Co. 

Parallel  Resonant  Fr 

(q. 

(2  ea) 

(-94.1  ppm)e2.5(l3)n 

» 

Ser.  Resonant  Freq. 

(-128.3piin)®1.2(l2)n 

Midland  Manufactur 

ng  " 

It 

Parallel  Resonant  Fr 

jq. 

Co.,  Inc. 

( +l40pnn)®4 .9(l3)nf 

(2  ea) 

Series  Resonant 

Freq.  (failed) 

Wright  Electronics 

It 

It 

Parallel  Resonant  Fr 

:q.  " 

Inc. 

(failed)  Series  Res- 

(2  ea) 

onant  Freq.(-538»3PP 

0 

@  1.2(l2)nf 

CR-(XM-17)/U 

ITMc  Gold  Plated 

8.8(9) 

Freq.  (-  0.880Kc) 

27  p4-15. 

Glass  Holder  (5  ea) 

A-8 

(5  ea) 

3.6(12) 

Freq.(-  O.OBTKc) 

27  pA-10 

p/cm*^ 

L__^— — 

U6 


MATERIAL  OR 
COMPONENT 


Crystals 


CR-18/U 

52T5KC  i0.0005^t, 

(12  ea) 

Scientific  Radio 
Products,  Inc. 

4Mc  Anti-resonant 
Alum,  plated,  metal 
holder  Y-Bar  syntheti  : 
quartz  (5  ea) 

13.O25MC,  Unpolished 
Finish,  Compression 
Base 

Scientific  Radio 
Products  Inc.  (3  ea) 

ITMc  Alum.  Plated 
Anti-resonant,  Metal 
Holder  (5  ea) 

"  (5  ea) 


CR-I9/U 

IMc  "AT"  Cut  HC-6/U 
Holder 

James  Knights  Co. 

(3  ea) 


RADIATION  EFFECTS  DESIGN  AI.LOV.’ABLES 


DESICTI  ALLOVJABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

r  n 

ALLOWABLES 

gm-(C) 

mmm 

REFERENCE  No. 

2.7(9) 

1 

7.4(13) 

(E>2.9Mev; 

Resonance  Frequency 

(50  ppm) 

1 

22  p3,59 

3.6(12) 

p/cm^ 

Freq.  (-  0.042Kc) 

27  pl5,A-2 

3.8(10) 

2.9(lJ)nf 

Frequency  (-1355PI»n) 

35  pA-73- 
77 

8.8(9) 

Freq.  (-  0.875Kc) 

@  6.5(7)ergs/gm-(C) 

27  p4-15, 
A- 5 

3.6(12) 

p/cin^ 

Freq.  (-  0.080Kc) 

27  pA-6 

1.7(10) 

j 

2.l(l3)n; 

! 

Parallel  Resonant 
Freq.  (+46.5ppm)  ® 
2.3(12)nf,  Series 
Resonant  Freq. 
failed  ®  l(l3)nf 

2  p666, 

769 

47 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AUDWABLES 


MATERIAL  OR 

DESIOI  ALLOWABLES 

BASIS  FOR 

DESIGN 

ALLOH-fABLES 

RADIATION 

EFFECTS 

utHTOWiuNT 

ergs 

n 

Crystals 

gm-(C) 

cm^ 

REFERENCE  No. 

CR-23/u 

—  '■ 

29.3  Me,  "AT"  Cut 
Qxiartz 

Midland  Mfg.  Co. 
Inc.  (3  ea) 

2.3(10) 

1.8(16) 

(E>0.3Mev) 

Freq.  (+60ppn) 

31  pl4-48 

40Mc,  AL.  plated 
Crystals 

Midland  Mfg.  Co. 
Inc.  (2  ea) 

3.2(10) 

1.4(15 )ne 

Freq.  (-44.4ppn) 

35  pA-94 

Scientific  Radio 
Products.  Inc. 
with  following: 

(1)  Au  Electrodesj 
polished  Quartz, 
meted  holder  with 
compression  base 
(2  ea) 

3.1(10) 

2(l5)ne 

Freq,  (-1120  cps) 

®  1.6(18)  ergs/gm-(C] 

35  pA-19-24 

"  (2  ea) 

1.9(10) 

2.4(l6)ne 

Freq.  (+2863  cps) 

tl 

(2)  Same  as  (l) 
except  standard 
base  (2  ea) 

tl 

It 

Freq,  (-2743  cps) 

@  6.7(l4)ne 

35  pA-25-30 

"  (2  ea) 

3.1(10) 

2(l5)ne 

Freq,  (+22l6  cps) 

®  5.7(9)  erg8/gm-(C) 

tf 

(3)  Same  as  (l) 
except  unpolished 
(2  ea) 

If 

W 

Freq.  (-2861  cps)@ 
4.8(18)  ergs/gii-(c) 

35  pA-31-35 

’’  (2  ea) 

1.9(10) 

2.4(l6)ne 

Freq.  (+5773  cps) 

@  2.l(l6)ne 

n 

(U)  Same  as  (3) 
except  standard 
base  (2  ea) 

If 

It 

Freq.  (-625  cps)  © 
9.4(l4)ne 

35  pA- 36-40 

(2  ea) 


3.1(10)  2(l5)ne 


Freq.  (+1579  cpe)  ® 
6(9)  erg8/gm-(C) 


tl 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
CCMPONENT 

Ciyitals 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

TTFITOrTR 

ergs 

gm-(C) 

n 

cm^ 

DESIGN 

ALLa^ABLES 

REFERENCE  No. 

Dt.) 

(5)  Au  Electrodet 
unpolished  quartz 
plate,  all-glass 
holder,  (2  ea] 

,  3.1(10) 

2(l5)ne 

Freq.  (-1799  cps) 

@  1.6(8)  ergs/^-(C) 

35  pA-4l-45 

"  (2  ea] 

1.9(10) 

2.4(l6)ne 

Freq.  (-67*^  cps)  • 
1.4(15)ne 

ft 

(6)  A1  Electrodei 
polished  quartz 
plate,  metsd  hold« 
vlth  conpresslon 
base  ( 2  ea) 

,1.9(10) 

r 

2.U(l6)ne 

Pre?.  (-971  cps)  9 
9.4(l4)ne 

35  pA-46-50 

"  (2  ea) 

3.1(10) 

2(15 )ne 

Freq.  (-1268  cps)  9 
1,8(8)  ergs/gm-(C) 

ft 

(7)  Same  as  (6) 
except  standard 
base  (2  ea) 

It 

tt 

Freq.  (-6l4  cps) 

@  1.8(18)  ergs/gn-(Ci 

35  pA-51-55 

"  (2  ea) 

1.9(10) 

2.U(l6)ne 

Freq.  (-934  cps)  © 
l.l(l6)ne 

tt 

(8)  Same  as  (6) 
except  unpolished 
plate  (2  ea) 

tt 

tt 

Freq.  (+1259  cps)  © 
2.1(l6)ne 

35  pA-56-60 

"  (2  ea) 

3.1(10) 

2(l5)ne 

Freq.  (-I67O  cps)  9 
1.8(8)  ergs/0B-(C) 

n 

(9)  AL  Electrodei 
unpolished  plate, 
metal  holder  vlth 
standard  base 
(HC-6/U)  (2  ea) 

^  " 

tt 

Freq,  (+1137  cps)  9 
6.4(9)  erg8/{^-(c) 

35  pA-61-65 

"  (2  ea) 

1.9(10) 

2.4(l6)ne 

Freq.  (-1226  cps)  © 
l.l(15)ne 

n 

50 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLa-ZABLES 


MUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


52 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESIOY  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

Diiomri 

ALLOWABLES 

Crystals 

@n-(C) 

cm^ 

CR-32/U 

56.99MC  ±34  ppm 

Scientific  Radio 
Products,  Inc. 

(12  ea) 

2.7(9) 

7.4(13) 

(K>2.9Mev; 

Freijuency  (33  Ppm) 

22  p3,  59 

CR-38/U 

60Kc  tl20  ppm.  Metal 
plated,  "Wr"  Cut 
Quartz,  HC-I3/U 

Metal  holder 

James  Knights  Co. 
(2  ea) 

3.4(10) 

2.l(l5)ne 

5.4(l3)nl 

Parallel  Resonant 
Freq.  (-83.3  ppm)  ® 
3.5(l4)ne,  Series 
Resonant  Freq. 
(-121.6  ppm) 

2  p769,  703- 
707 

Midland  Mfg.  Co., 
Inc.,  (2  ea) 

II 

•I 

Parallel  Resonant 
Freq.  (Failed)  © 
1.5(15)ne,  Series 
Resonant  Freq. 
(-341.6  ppm) 

N 

Wright  Electronic 
Inc.  ,  (2  ea) 

If 

Parallel  Resonant 
Freq.  (Failed)  © 
1.5Cl5)ne,  Series 
Resonant  Frequency 
(Failed)  ©  3.9(l4)ne 

n 

5^ 


NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.TX5VARLEr, 


MATERIAL  OR 
COMPONENT 

Crystals 


DESIGN  ALL(».’ABLES 


ergs 

Wn-(C) 


-rr 


cm 


BASIS  FOR 

DESIGN 

ALLCa'ABLES 


lVJ'IA>TIO:i 

EFFECTS 

REFERETICr:  No. 


CR-39/U 

200  Kc,  "GT”  Cut 
Quartz  (unpolished). 
Vacuum  Tube  Type  Holifer 


Bliley  Electric 
Co.  (3  es 


2(10) 


1.5(16) 
|(E>0.3Mev) 


Frequency  (-115ppn) 


31  plU-Jf8 


250KC  130  ppB  ®  250c 
Metal  plated  "GT"  Cutj 
Quai^z,  Vacuum  Tube 
Type  Holder 

James  Knights  Co 
(U  ea) 


2.T(10)^ 


9.5(l^)ne 

3.3(l3)nf 


Wright  Electronids, 
Inc.  (2  ea)l 


Parallel  Resonant 
Freq.  (-68  ppn)  @ 
1.4(l4)ne,  Series 
Resonant  Freq. 
(-103.6  ppm)  (® 
1.8(lU)ne 

Parallel  Resonant 
Freq,  (-I68.U  ppm)  ^ 
1.8(lU)ne,  Series 
Resonemt  Freq. 
(-126,8  ppm) 


2  p769,  708. 
71'+ 


55 


NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.IG'..’AnLEr. 


IJUCLE/.R  RADL'VTIQ’I  EFFECTS  EESIGM  AI,IX)’..'AnLES 


I-IATERIAL  OR 
COMPOrENT 

DESi®?  allov;ables 

BASIS  FOR 

DESIGN 

ALLCC.n'ABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

Crystals 

Rm-(C) 

cm 

15Mc  (Cont.) 

Scientific  Radio 
Products,  Inc. 

3.9(10) 

2.4(15)™ 

Parallel  Resonant 
Freq.  (-1664  ppm). 
Series  Resonant 

Fred.  (-262  ppm)  ® 
l.l(15)ne 

2  p770,715- 

723 

Sherold  Crystals, 
Inc.  (2  ea) 

Wright  Electronic 

t* 

3, 

tl 

Series  &  Parallel 
Freq.  (failed)  @ 
2.1(14 )ne 

•1 

Inc.  (2  ea) 

»( 

tt 

Parallel  Resonant 
Freq,  (-2042  ppm). 
Series  Resonant 
(Circuit  Malfunction 

tl 

id) 

18Mc,  Au  plated, 
Series  Resonant, 

Metal  Holder  (5  ea) 

8.8(9) 

Frequency  (-1006cps) 

27  p4-15, 
A-17 

(5  ea) 

I9.5MC,  A1  Electrodes 
Unpolished,  Cooipressi 
bases 

9 

on 

3.6(12) 

p/cin^ 

Frequency  (-114  cps) 

27  p4-15, 
A-19 

Scientific  Radio 
Products,  Inc. 

(3  ea) 

3-8(io) 

2.‘*(^>)ne 

Freq.  (-4l8  cps)  @ 
2.7(l4)ne 

35  pA-85- 
89 

57 


NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.LO'./ABLES 


MATERIAL  OR 
COMPOiraiT 

Crystals 

DESIGN  ALLOV.'ABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

epi-(c) 

n 

cm 

HSSSS8IS9fllHI 

^Mc  ±30  ppm.  Metal 

plated  "AT"  Cut 

Quartz  in  HC-6/u 

Metal  Holder 

- 

Midland  Mfg.  Co. 

i.8(io; 

l(l5)ne 

Series  &  Parallel 

2  p770,  724. 

Inc.  (2  ea) 

Resonant  FTeq.(fail( 

:d)  734 

®  6.7(1'+ )ne 

Scientific  Radio 

tr 

It 

Parallel  Resonant 

It 

Products,  Inc. 

Freq.  (-1392ppm), 

(2  ea) 

Series  Resonant  Frei 

[• 

(-1988ppm) 

Sherold  Crystals 

ti 

It 

Parallel  Resonant 

M 

Inc. 

Freq.  (failed)  ® 

(2  ea) 

9.8(^l'+)ne,  Series 

Resonant  Freq. 

(.2173PF*n) 

Wright  Electronit 

s 

It 

Parallel  Resonant 

It 

Inc . 

Freq.  (-2580ppm), 

(2  ea) 

Series  Resonant 

Freq.  (-l669ppm) 

CR-53/U 

70Mc,  "AT"  Cut  Quart 

Au  plated,  polished 

with  Metal  Compressli 

Base 

Midland  Mfg.  Co. 

2.1(10 

1.8(16) 

Frequency  (+T6ppm) 

31  pl4-U8 

Inc.  (3  ea) 

(E>D.3Mev) 

One  failed  «  1.2(16)11 

f 

58 


NUCLEAR  RADIATION  EFFECTS  DESIGN  AIJX)V/ABLES 


MATERIAL  OR 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

Crystals 

ergs 

gm-(C) 

n 

cn 

ALLOWABLES 

REFERENCE  No. 

CR-5^/U 

6o  Me  t^Oppm,  MeteLL 
Plated  "AT"  Cut  Quart 
HC-6/u  Metal  Holder 

James  Knights  Co. 
(2ea) 

3.5(10) 

2.l(l5)n« 

Parallel  Resonant 
Preq.  (-26pin)  ® 
2,7(l3)ne,  Series 
Resonant  Freq. 
(-29pFni)®1.5(15)ne 

2  p770,735- 
745 

Midland  Mfg.  Co., 
Inc. 

(2  ea) 

It 

II 

Parallel  Resonant 
Freq.  (-26ppen)  @ 
l*,7fl2)ne.  Series 
Resonant  Freq. 
(-50piib)  ®  1.5(l5)ne 

M 

Scientific  Radio 
Products,  Inc. 

(2  ea) 

ft 

n 

Parallel  Resonant 
Freq.  (failed)  ® 
1.5(l5)ne,  Series 
Resonant  Freq. 
(-i*l+2ppni)  ®  1.2(l5)n 

n 

» 

Wright  Electronic 
Inc. 

(2  ea) 

It 

Parallel  Resonant 
Freq.  (-4362ppni), 
Series  Resonant  Freq 
(failed)  @  1.3(l5)ne 

It 

75Mc  t50ppBu,  Metal 
Plated,  "AT"  Cut 
Quartz,  HC-6/u 

Metal  Holder 

Midland  Mfg.  Co. 
Inc. 

(2  ea) 

3.7(10) 

1.8(15)™ 

5.l(l3)nf 

Parallel  Resonant 
Freq.  (-110.5pi»a), 
Series  Resonant  Fr«*q 
(+J*6.1ppn)  @  3.7(13) 

2  p7TO,7i*6- 
752 

1* 

r'’ 

Midland  Mfg.  Co 
Inc. 

(2  ea) 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESirai  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Cxy stale 

ergs 

n 

DiSiOlGI'i 

ALL017ABLES 

I^-(C)  ^ 

2 

cm 

75Mc  (Cont.) 

Scientific  Radio 
Products,  Inc. 

(2  ea) 

3.7(10) 

1.8(15)m 

5.l(l3)nf 

Parallel  Resonant 
Freq.  (-Il4l,3piin)- 9 
l(l^)ne.  Series  Res. 
Preq.  (-930.3piin)  ® 
8.5(14 )ne 

2  p770,746. 
752 

Sherold  Crystals, 
Inc. 

(2  ea) 

tt 

tt 

Parallel  Resonant 
Preq.  (-2750.6ppBi), 
Series  Resonant  Freq 
(-2362.7piin) 

tt 

Wright  Electronic 
Inc. 

ft 

It 

Parallel  Resonant 
Preq.  (-2605.6i>Fia), 
Series  Resonant  Preq 

(-3533.3Pin) 

n 

85Mc,  A1  Plating, 
Series  Resonant,  Meta 
Holder  (5  ea) 

8.8(9) 

Freqpiency  (+8768cpb) 

27  p4-15, 

A-20 

"  (5  ea) 

p/cnK 

Frequency  (-466cpb) 

27  p4-15, 

A- 23 

60 


NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.LOUABLES 


MATERIAL  OR 
COMPONENT 

CrystalE 


DESICTI  ALLCWABUS 
ergs  J  ~n 
gm-(c)  ' 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


40Mc  ^30piin.  Metal 
Plated,  "AT^'  Cut  Quan  z 
HC-18/U  Metal  Holder 

Mldlaz>d  Nfg.  Co.,  3«l(lO)  l.l(l5}ne  Series  A  Parallel 
Inc.  3.6(l3)nf  Preq.  (failed)  9 

(2  ea)  5>6(l4)De 


Inc. 

(2  ea) 

Scientific  Radio 
Products,  Inc. 

(  2  ea) 

Sherold  Crystals, 
Inc. 

(2  ea) 


Wright  Electronic!  , 
Inc. 

(2  ea) 


2  pTTO,  753- 


Parallel  A  Series 
Resotoant  Freq.  (falli  d) 
9  5*6(l4)ne 

Parallel  Resonant 
Freq.  (-64l.8ppm), 
Series  Resonant  Freq 
(failed) 

Parallel  Resonant 
Freq.  (failed)  9 
5.6ClU)ne,  Series 
Resonant  Freq*  (falli  d) 
9  8.2(l4)ne 


CR-56U 

7C»fc  t50ppB,  Metal 
Plated,  "AT"  Cut  Quan  z 
HC-18/U  Submlnlature 
Metal  Holder 

Midland  Mfg.  Co.,  3«7(l0)  1.8(l5)ne  Peu:allel  Resonant  Frc 

Inc.  5.l(l3)nf  (-27.9PI*)  @  2(l2)ne 

(2  ea)  Series  Resonant  Freq. 

(-10.5piia)  9  2(l2)ne 


2  p760- 

770 


I 
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MUCIiEAR  RADIATION  EFFECTS  DESIGN  ALL017ABLES 


•X  I 


MATERIAL  OR 

DESIOI  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

T , 

Crystals 

ergs 

0n-(C) 

n 

DiLblQl^ 

ALLOl^ABLES 

: 

TO  Me  (continued) 

n 

Scientific  Radio 
Products.  Inc. 

(2  ea) 

3.7(10) 

1.8(l5)ne 

5.l(l3)nf 

Parallel  Resonant 
Freq.  (>2>tSlppB),  ' 
Series  Resonant  Freq 
(failed)  9  l(l5)De 

2  p76o-770 

n 

Sherold  Czystals, 
Inc. 

(2  ea) 

n 

If 

Parallel  Resonant 
Freq.  (failed)  9 
4.2(ilf)ne,  Series 
Resonant  Freq.(falle< 
9  5.8(lU)ne 

N 

) 

n 

0 

Wright  Electronlci 
Inc. 

(2  ea) 

It 

9 

tt 

Parallel  Resonant 
Freq.  (failed)  9 
8.T(l^)ne,  Series 
Resonant  Freq.(falle( 
@  1.8(l5)ne 

It 

) 

0 

i] 

fi 

CR-TV^ 

Lj 

0 

U7.5MC,  Ag  Plated, 
Glass  Holder 

[] 

McCej'  Electronics 
Co.  (2  ea) 

3.2(10) 

1.4(l5)ne 

Frequency  (-29.8pipm) 

35  pA-91 

i; 

62.5MC,  Ag  Plated, 
Glass  Holder 

11 

McCoy  Electronics 
Co.  (2  ea) 

ft 

tl 

Frequency  (-30.UppB) 

II 

1 J 

1 

r 

1 
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MUCLE/IR  RADIATION  EFFECTS  DESIGN  ALLOl^ABIES 


MATERIAL  OR 

DESICTI  ALLOWABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

LA^nrVXlrlPiT 

Delay  Lines 

ergs 

n 

gm-(c) 

cm^ 

Corning  Glass  Works 

100  )x  sec 

Fb-Potaish  Glass  Delay 
Piezoelectric  Ceranlc 
Transducers,  ^^pe 

852798  s/h  32001 

Coming  Series  C-Z 
(1  each) 

7.6(10) 

5.7(16) 

(».3  Mev 

No  effect  frcB  radia¬ 
tion  observed  at  the 
time  of  Instrumenta¬ 
tion  fstllure  9  1.5(1^ 
nf  and  2(l0)ergs/gm- 

(c) 

31  P  239-263 

) 

General  Electric  Co. 

2  pi  sec 

Transmission  Media  1b 
N1  Span  C,  magneto  - 
strlctlve  Type  - 
Alnlco  V  4  N1  Alloy 
Experimental  (l  each) 

2.1(11) 

6.8(16) 

(B>1  Mev) 

Output  -  95% 

«  3.16(16)  nf  (failed 

30  p  157-162 

170  }i  sec 

Sane  conposltlon  as 

2  u  sec  delay  Line 
Experimental  (l  eeu:b) 

5.8(10) 

5(16) 

;e>.3  Mev) 

No  change  In  delay 
time.  Output  slgneO. 
begins  to  degrade  6 
5.3(15)  nf  4  6(8) 
ergs/gm-(  C) 

31  p  239-263 

296  >1  Sec 

Tz^mssion  vlre  Is 
N1  Span  C,  Ceramic 
Transducer  Is  PZT 
lype,  Experimental 
(1  each) 

5.8(10) 

5(16) 
(B>.3  Mev 

Ho  change  In  delay 
time.  Output  (-50^) 

9  2.5(15)  nf  4  3.3(9) 
ergs/gn-(c) 

31  p  239-263 

MUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOt7ABLES 


2.8  DIEiaCTOIC  maRIALS 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOl^ABLES 


MATERIAL  OR 

DESIGN  ALLOWABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

ULMrA^rii*INT 

Dielectric  M&terlala 

ergs 

0n-(C) 

n 

cm^ 

El  Dupont  De  Kesours 

9HH 

Kylar  Sheet,  T^pe  "C* 
Polyester 

1(10) 

No  effect  noted 

70  p30 

Orion 

1(10) 

Thickness  (tl^tO^), 
Tensile  Strength 
(-60^),  Tonque  Tear 
(-91.5lt) 

70  p35 

Electrical  Industrie! 

.  Inc. 

Conpresslon  glass 
end  seals 

1(10) 

No  effects  noted 

70  p29-30 

Hooker  CheislceLL  Corp 

FS-5  (Trtfluorovlnyl 
chloride  polyner) 

1(10) 

_ 

0.23^  cc  gas  foined 
per  cc  of  aaterlal 

70p23,  28 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOl^ABLES 


MATERIAL  OR 
CCMPONENT 


DESIOr  ALLOWABLES 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


NUCLEAR  RADIATIM*  EFFECTS  DESIGN  ALLOl^ABLES 


69 


2.10 


INDUCTORS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV/ABLES 


Type  G  357  (2  ea)  1(9)  6.3(15)  Magnetizing  I(-8.1^t)  10  p  23,  l62 

(EVD.lMev) 


i  I 


2.11  IWSUIATIOW.  BIZCTRICAL 

MUCLEAS  RADIATION  EFFECTS  DESIGN  ALLCT'/ABIjES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

Inaulatlon,  Electrlca] 

®n-(C) 

em^ 

DC-675  (Methyl  Phenyl 
Polyslloxane  Silicone 
Elastoner) 

1.3(10) 

Shore  A  Duroneter 
Hardness(+54lt) 
cceQtresslon  set 
(*90i) 

69  p23,31 

Silastic  80  (3  ea) 

4.1(16) 

Insulation  R  (failed 

35  plO.96- 

Wire  Insiilatlon 

General  Aniline  &  Fill 

1  Co* 

(K>0.5Mbv) 

Cracked  and  brittle 

100 

Gaflte  (Methyl  Alpha- 
Chloroacrylate ) 

3.2(8) 

Luminous  Transmlttan< 
(-66*) 

e  57  PO-O 

It 

1(9) 

Tensile  Strength  ■ 
20^  of  original 

57  pl2 

II 

3(9) 

Flexural  Strength  ■ 
10^  of  original 

57  Pl3 

II 

1(10) 

__ 

Heat  Distortion 
Temperature  (-15^1) 

57  Pl4 

I 
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MUCLEAR  RADIATION  EFFECTS  DESIGN  ALLa^ABLES 


MATERIAL  OR 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Iiunilation.  XlectrleaJ 

ergs 

n 

D&bXun 

ALLOWABLES 

General  Electric  Co* 

SB-361  (Mettaylvlnyl 
Polyslloxane)  SUIcokm 
Blaetflwr 

1.3(10) 

Shore  A  Duroaeter 
Hardness  (+7^) 
Co^ressloc  Set  - 
(+334j() 

69  pe3,  31 

SE-351  (Methylphenyl 
Polyalloxane)  Silicone 
Elastcner 

1.3(10) 

Shore  A  Durosater 
Hardness  (+100)() 
CoB^resslon  Set  - 
(-t-2i»00)() 

69  p23,  31 

SB-975  (wire 
Insulation) 

Insulation  Reslstanci 
(failed)  cracked  and 
brittle 

35  plO.96- 
100 

XB-9003A  (Wire 
Insulation) 

it.l(l6) 

(E>0.5Mev) 

Insulation  Reslstanci 
(failed)  cracked  and 
brittle 

35  plO.96- 
100 

Kish  Industries,  Inc. 

3580  (Also  for  pottlnt 

)  1(11) 

1.1(16) 

(E>0.5Nev) 

lATge  variation  in 
voluae  resistivity 

35  plO.85- 
68 

hl2M  (Also  for 
potting 

1(11) 

1.1(16) 

(E>0.5Mev) 

No  dsasge,  good  up  ti 
l.l(l6)nf 

35  plO.85- 
88 

U20A  (Also  for  pottlnj 

)  1(11) 

1.1(16) 

(B>0.5Mev) 

No  daaage,  good  up  ti 
l.l(l6)nf 

35  plO.85- 
88 
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T3 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOt^ABLES 


MATERIAL  OR 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

Insxilatlon.  Klectrlca] 

@n-(C) 

2 

cm 

Minnesota  Mining  &  Mfi 

Scotctacast  3  (also 

-1(11) 

HSI 

No  damage,  good  up 
to  l.l(l6)nf 

35  plO,85- 

used  for  potting) 

(B>0.5Mbv) 

88 

Scotchcast  212  (also 
used  for  potting) 

Jferceilex 

-1(11) 

No  damage,  good  up 
to  l.l(l6)nf 

^  plO.85- 

Supramlca  555 

1.2(10) 

Material  becomes 
brittle 

33  p2,8 

f^calex  Bobbin 

Pennsalt  Cbemlcal  Cor 

• 

2.2(14) 

(E>0.5Mbv) 

Warped 

35  plO.123 

KYNAR  (Polyvinylldene 
Fluoride  Resin)  In  ' 
boiling  dissolver  soli 
tlon  of  IM  nitric  acl< 

1(10) 

Impact  strength  - 
(4l.4^),  Compressive 
stren^h  -  (+4.2%) 

64  pis 

vith  75  g/l  stainless 
steel  metal  coBponenti 
Resistant  to  this 

1(11) 

Impact  strength  (-27^ 
Compressive  strength 
(-37%),  Volume 

')  " 

solution  but  undergoei 
slight  weight  gain 

Resistivity  decrease) 
by  factor  103 

MUCLEAR  RADIATION  EFTECTS  DESIGN  ALLCH^ABLES 


MATERIAL  OR 

DESICat  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

xj&oxuri 

ALLOWABLES 

Insiilatlon,  Electric 

^c) 

cm^ 

REFERENCE  No. 

FhlUlpB  Petroletm  Co 

* 

MARICX  (Hl-denslty 
Polyethylene  of  Poly¬ 
olefin  Resin  family) 
In  holllng  dissolver 

1(10) 

Impact  strength 
(-4.3)(),  Compressive 
strength  (<i<lli) 

64  pl5 

solution  of  IM  Nitric 
Acid  with  75  g/l  stal 
less  steel  metal  com¬ 
ponents  .  Re  si stant 
to  solution  with  no 
weight  loss. 

Raychem  Corp. 

1(11) 

1-  • 

Impact  strength( -85)() 
Ccaspresslve  strength 
(0.0)(),  Voltime  resis¬ 
tivity  decreases  by 
factor  .^105 

tt 

Modified  Polyolefin 

1.3(9) 

8.7(ll)nf 

l(l2)nt 

Survived  in  good 
condition 

8  pll8 

Rayclad  Tubes,  Inc. 

Themofit  Tubing 
(Modified  Polyolefin] 

1.3(9) 

8,7(ll)nf 

l(l2)nt 

Survived  in  good 
condition 

8  pll8 
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MUCIiEAR  RADIATIC®  EFFECTS  DESIGN  ALLOl^ABLES 


MATERIAL  OR 
CCMFONENT 

Insulation.  Klectrlci 

DESIOV  ALLCWABLES 

BASIS  FOR 

DESI(2f 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

n 

ergs 

l@n-(C) 

n 

cm^ 

Rctai  li  Haas  Co. 

i! 

Plexiglas  55 

5(8) 

Usnlnous  Transnlttano 

57  plO 

(1 

(■ethyl  Methacxylate  ) 

:-33ii) 

ii 

1(9) 

tensile  strength( -10)( 

M 

'i  j 

1(10) 

Flexural  strength  > 

m 

I 

LO^  of  original.  Heat 

Ustortlon  temperatun 

, 

[-20)1) 

1 

Slerracln  Corp. 

(i 

Slerracln  61I 

1(10) 

.umlnous  transaittancc 

57  pio 

Polyester 

’-52^t),  Tensile 

1 

>tren^h  (+20^),  Flex- 

1 

iral  strength  (+5)t). 

[eat  distortion  tenp. 

( 

(-20)6) 

1 

1 

1 

(  1 

Miscellaneous 

1 

1 ! 

Dlallyl  phthetate 

7.5(10) 

I».8(l6) 

jeak  R  (-91%)  9  2.7(l« 

)  12  P233 

1  1 

(in  Winchester  Plug) 

(*>l>lev) 

nf 

1 

Fiberglass  lapregnatec 

1.3(9) 

8.7(11  )nf 

Survived  In  good 

8  pll8 

h  i 

irlth  Teflon 

1(12  )nt 

condition  tout  has 

temperature  limited 
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NUCLEAR  RADIATION 


DESIGN  ALLOlfABLES 


MATERIAL  OR  DESIGN  ALLOWABLES  BASIS  FOR  RADIATION’ 

OCMPONENT  -TTTS - 1 - = -  DESICN  EFFECTS 


insulation,  Blectrlc4^C)  ALIXJWABLES  REFERENCE  No. 


Miscellaneous  fcont.) 

• 

Fiberglass  (ipcn^ 
coated)  Insulating 
Sheet 

3.3(9) 

8(15 )ne 

Tensile  strength 
(-60^),  mtljaate 
Slongatlon  (-5511) 

65  plO 
Table  IV 

fl 

3.1(11) 

9(l7)ne 

Xlectrlcal  Breskdown 
V  (-9011) 

65  plO 
Table  n 

Fiberglass  (silicone 
varnished)  Insulation 
Sheet 

u> 

a 

yj\ 

H 

O 

8(l6)ne 

Tensile  strength(-ll 
mtlaate  Slongatlon 
(97ll),  Electrical 
Breakdown  V  (-7ll) 

1)  65  plO 

Table  H 
Table  IV 

il 

3.1(11) 

9(l7)ne 

Blectrlcal  Breakdown 
V  (-90lt) 

65  plO 

Table  II 

Hertnetlc  Glass  In 

Seal  Corp.  Connector 

7.5(10) 

4.8(16) 

(B>1MIV) 

Leak  R  (-9311)  « 
1.8(l6)nf 

12  p231 

Kraftpaper 

Insulating  Sheet 

3.3(9) 

8(l5)ne 

Electrical  Breakdown 
V  (-1711) 

65  p9 

Table  II 

II 

3.5(10) 

8(l6)ne 

Electrical  Breakdown 
V  (failed).  Tensile 
strength  (-100%), 
Ultlnate  Elongation 
(-100%),  All  param¬ 
eters  failed  at  this 
dose 

1? 

Nelaislne,  GP  Red 
1077-RV22  Meljss 

1.3(10) 

Material  'became 
brittle 

33  P2,  8 

Melasdne  Fomaldehyde 
In  Winchester  Connect 

7.5(10) 

are 

4.8(16) 

(B>lNev) 

Leak  R  (-92.5%)  6 
1.8(l6)nf 

12  p232 

Mica  (Reconstructed) 
Silicone  Treated 
Insulating  Sheet 

3.3(9) 

8(l5)ne 

Tensile  strength 
(-80%),  Ultimate 
Elongation  (-8o%) 

65  plO 

Table  IV 

II 

3.1(11) 

9(17)ne 

No  effect  on  electrl( 
breakdown  voltage 

65  p9 

Table  H 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLa/ABLES 


MATERIAL  OR 
CCMPONENT 

Insulation,  Electrics] 

DESIOf  ALLOWABLES 

BASIS  FOR 

DESIGN 

ALIA^ABIES 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

gm-(C) 

cm^ 

Miscellaneous  (Cont.) 

Neoprene  WRT 

1(9) 

Compression  Set 

46  pl9 

8y  weight 

Vulcanlzate 

II 

1(11) 

Compression  Set(+100' 

’>) 

Phenolic,  GP  Black 

1.3(10) 

Material  becomes 

33  P2,  8 

#73**5  Resinox 

brittle 

Phenolic,  GP  Black 

1.3(10) 

Material  becomes 

33  P2,  7 

KS  02U  03 

brittle 

Phenolic  Formaldehyde 

7.5(10) 

4.8(16) 

Leak  R  (-99.2^)  ® 

12  p229 

in  Winchester  Connect' 

)rs 

(E>lMev) 

1.5(l6)nf 

Polyester  Enamel  with 

1.3(10) 

Thermal  life  (-l6^t) 

63  P7 

011-modlfled  Phenolic 

®  200OC 

Varnish,  Magnet  Wire 

Insulation 

Polyester  Enamel 

1.3(10) 

Thermal  life  (+10^6) 

63  P7 

(Modified)  with  Oil- 

@  200°C 

modified  Phenolic 

Varnish,  Magnet  Wire 

Insulation 

Polyethylene 

2.5(8) 

6(l4)ne 

Tensile  strength 

65  plO 

Insulating  Sheet 

(no  change),  Ultlmat 

Table  IV 

Elongation  (-24^) 

3.5(10) 

8(l6)ne 

Electrical  breakdown 

65  p9 

V  (-15^6) 

Table  II 

II 

3.1(11) 

9(l7)ne 

Electrical  breakdown 

It 

V  (failed) 

Polyethylene  Disks 

1.3(10) 

Volume  (-0.018^) 

13  pl9 

II 

3.1(10) 

Thickness  0.025"  to 

13  p22,  24 

0.125",  Diameter 

1.33"  to  0.55" 

Polyethylene 

1.6(9) 

Viscosity  increases  1 

y  13  p29,  28 

factor  lo3.  Shore A 

D.  Hardness  (■*■22.5)1) 
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MUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOl^ABLES 


MATERIAL  OR 
COMPONENT 

[nsiilatlon.  Electrical 

DESICBf  ALLOWABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

®n-(C) 

n 

cm^ 

miscellaneous  (Cont.) 

Polyethylene 

3.5(10) 

8(l6)ne 

Tensile  8trength(-521 

)  65  plO 

re  rephthalate 

Ultimate  elongation  ■ 

Table  IV 

[nsulatlng  Sheet 

0^  of  original.  Elec- 

trical  breakdown 

V  (-144) 

It 

3.1(11) 

9(l7)ne 

Electrical  breakdown 

65  P9 

V  9  o4  of  original 

Table  II 

Polyf luor oe  thyl - 

2.5(8) 

5(l4)ne 

Tensile  strength( -6o^ 

)  65  plO 

Propylene  (PEP 

Ultimate  Elongation 

Table  IV 

ref Ion)  Insulation 

(-654) 

Sheet 

|1 

3.5(10) 

b(l6)ne 

Electric  Breakdown 

65  P9 

V  (-944) 

Table  II 

Polytetrafluoroethyler 

e  U.7(8) 

4(l4)ne 

Tensile  strength  & 

65  plO 

(TFE  Teflon) 

Ultimate  Elongation 

Table  IV 

[nsulating  Sheets 

=  04  of  original 

1  1 

2.5(8) 

6(l4)ne 

Electric  breakdown 

65  p9 

V  (-534) 

Table  II 

M 

3.3(9) 

8(l5)ne 

Electric  breakdown 

65  p9 

V  »  04  of  original 

Table  II 

Polytetrafluoroethyler 

e  1.3(9) 

8.7(ll)nf 

Brittle  and  powdery 

8  pll7 

(TFE  Teflon)  Wiring 

l(l2)nt 

Insulation 

Polytetrafluoroethyler 

e  4.7(18] 

4(l4)ne 

Breakdown  V  (-534) 

65  p9 

(TFE)  Tubing 

Table  III 

3.4(9) 

4.5(l5)ne 

Breakdown  V  (failed) 

tt 

Polytetrafluoroethyler 

e  2.5(9) 

Zero  thermal  life 

63  P7 

Enamel  with  Silicone 

Varnish,  Magnet  Wire 

Insulation 

Polyurethane- 

5(11) 

5(l7)ne 

Tensile  8trength( -405 

)  65  lao 

Fiberglass  Insulating 

Ultimate  Elongation 

Table  V 

rube 

(-354),  Electric 

Breakdown  V(-684) 
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MUCLEAR  RADIATION  EFFECTS  DESIGN  ALL017ABLES 


MATERIAL  OR 

DESICW  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

Insulatloo,  Electrlca 

.  ®n-(C) 

cm*^ 

Miscellaneous  (Cont.) 

u 

Fojyvinyi  Cniofioe 
(FVC)  IO5OC  Tubing 

5(11) 

5(l7)ne 

Tensile  strexigtb  and 
Ultimate  Elongation 
failed  at  this  dose. 
Electric  Breakdown 

V  (-68^) 

65  pio 

Table  V 

65  P9 

Table  III 

Polyvinyl  Formal 

Enamel  with  no  Vamls 
Magnet  Wire  Inaulatlo 

2*1(10) 

i 

1 

Theimal  life  (-1351) 

63  P7 

Silicone  Enamel  vlth 
Silicone  Varnish, 
Magnet  Wire  Insiilatio 

1.3(10) 

I 

Thermal  life  (-II56) 

63  P7 

Silicone  Rubber  In 
Deutsch  Connector 

7.2(10) 

4.8(16) 

(E3»1M5v) 

Leak  R  (-91. 656)  @ 
9.5(l5)nf 

12  p230 

Silicone  LS-53 
( Fluor! nated  Methyl/ 
Trl -Fluoropropyl ) 

1(9) 

CcampresBion  Set 
(+775t) 

46  pl9 

76.9?t  by  velght 

1(11) 

Compression  Set 
(+1085() 

tl 

Silicone  Resin- 

3.M9) 

4(l5)ne 

Tensile  strength 

65  pio 

Fiberglass,  Insulatln 
Tube 

(-115t),  Ultimate 
Elongation  (-205^) 

TTble  V 

M 

5(11) 

5(l7)ne 

Electric  breakdown 
Voltage  (no  change) 

65  p9 

Table  III 

Viton  A  (Vinylidene 
Fluor!  de/Hexsifluoro- 

1(9) 

Compression  Set(+845t 

46  pl9 

propylene  Copolymer) 
70^  by  velght 

1(11) 

Compression  Set 
(+1055t) 

tf 

Silicone  Rubber 
(Extruded)  Tubing 

3.M9) 

4(l5)ne 

Tensile  strength 
Ultimate 
Elongation  (-625I) 

65  pio 

Table  V 

II 

3.6(10) 

4(l6)ne 

Electrical  Breakdown 

V 

65  P9 

Table  III 

II 

5(11) 

5(l7)ne 

Breakdown  Voltage 
failed  at  this  dose 

It 

00 


lAMTHATBS 

MUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOI-7ABLES 


MAIDRIAL  OR 
CCMPONENT 
Laminates 


CTL-9ILD 

Laminate 


DC-2106 

Plastic  Laminate 


F  120-19  (Phenolic 
Ftesln-  Asbestos 
Fabric ) 

FI20-I9  (Phenolic 
Ftesin-  Glass  Fabric ) 


EPC»^  828CL 
Laminate 


LAMINAC  ^232 
Laminate 


Modulus  of  Elasticit  r  29  p  A 
(/l.7^),  Tensile 
s  trength  ( /4 . 2^6 ) 

Modulus  of  Elastici-  29  p  6 
ty  ■(/4.9^),  Compression 
Strength  (^3.9^)  I 


DESIOr  ALLOWABLES 

ergs 

n 

0n-(C) 

9.3(9) 

1.2(19) 

(E>2.9Mev) 

9.3(9) 

1.2(19) 

(E>2.9Mev] 

8.3(11) 

2.9(11) 

8.3(11) 

9.3(9) 

1.2(19) 

(E>2.9Mev) 

9.3(9) 

1.2(19) 

(E>2.9Mev) 

8.3(11) 

8.3(11) 

BASIS  FOR 

DESICai 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


56  p  19 


Tensile  Strength 
(■■^3^^),  Coo5)ressive 
Strength  (/97^t) 
Flexural  Rigidity 


Compressive  Strength  96  p  20 
(-29^) 


Tensile  Strength 
(-26^),  Flexural 
Strength ( -80^ ) 


Tensile  Strength 
(/20^  J^Compression 
Strength  (-9*3^^) 


25  P  8 


29  P  8 


Tensile  Strength(-97^) 96  p  I8 
CoB^resslve  Strength 
(-90^),  Flexural 
Rigidity  (-72^) 

Tensile  strength(-3<^y  96  p  16 
Compressive  strength 
(-9'*^),  Flexural 
strengtli  (-Tl^t) 


81 


MUCLEAR  RADIATIOM  EFFECTS  DESIGN  ALLCT'/ABLES 


Moblloy  AH-81 

9-3(9) 

1.2(15) 

(itaenollc  Resin- 
Asbestos  Fabric) 

(E>2.9Mev) 

Moblloy  AH-81 

9.3(9) 

1.2(15) 

(Phenolic  Resin- 
Glass  Fabric) 

(E>2.9Mev) 

Insiilation  Mfrs.  Coin 

• 

BASIS  FOR 

DESIGN 

ALLOWABLES 


Tensile  strength 
(No  change ^coqpres-  . 
sive  stren£rth(-64^) 
Flexural  rigidity 

i-ni) 


Tensile  strength 
(/  2.6^^|^todulu8  of 
^astlclty  (-7»7^t) 

Tensile  Strength 
(/5/t)»  Modulus  of 
Elasticity  (-5>t) 


G-T  Glass  Fabric-  1(11)  Cotngpresslve  strengti 

silicone  restn  lamln-  (-29^)) 

ate,  in  boiling  dis¬ 
solver  solution  of 
1  M  nitric  acid  with 

75  b/1  of  stainless  1(12)  Compressive  strength 

steel  metal.  Re-  (-72.2'^) 

sistant  to  this 

solution  but  suffers 

10^6  veight  loss 


RADIATION 

EFFECTS 

REFERENCE  No. 

56  p  17 

25  p  8 

25  p  8 

64  p  15 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOH^ABIES 


MATERIAL  OR 

DESIC»  ALLOWABLES 

BASIS  FOR 

DESIOJ 

RADIATION 

EFFECTS 

lAMraXiJLNT 

ergs 

n 

Laminates 

®B-(C) 

cm^ 

REFERENCE  Nc 

Nartnco  Mfg.  Co. 

CONOLON  506  (Phenolic 
Resin-asbestos  fabric 

9.3(9) 

1.2(15) 

;E>2.9Mev) 

Modulus  of  Elasticity 

(-13.5^t)Tenslle 

Strength 

25  p  8 

CCSIOLON  506  (Phenolic 
Resin-glass  fabric) 

9.3(9) 

1.2(15) 

(E>2.9Mev 

Modulus  of  Elasticity 
(-13.2^)} Conpresslon 
strength  (/l.5^) 

25  p  8 

Shell  Development  Co. 

EPW  828  (Epoxy  Resin 
asbestos  fabric) 

-9.3(9) 

1.2(15) 

;E>2.9Mev) 

Con5)ressive  strength 
(/4.3^t),  Tensile 
Strength  (-4^) 

25  P  8 

EPON  828  (Epoxy  Resin 
glass  fabric ) 

■9.3(9) 

1.2(15) 

;E>2.9Mev) 

Tensile  Strength 

(/2.6^^odulus  of 
Elasticity  (-2 . 55( ) 

25  P  8 

EPON  X-131  (Epoxy  Re¬ 
sin-asbestos  fabric) 

9.3(9) 

1.2(15) 

;e>2.9M3v) 

Tensile  Strength 
(/5'i«]^ModuluB  of 
Elasticity  (-2.1^) 

25  P  8 

EPON  X-131  (Epoxy  Re¬ 
sin-glass  fabric) 

9.3(9) 

1.2(15) 

(E>2.9Mev 

Compressive  Sti-ength 
Tensile 

strength  (/4.7^) 

25  p  8 

MUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOl'JABLES 


MATERIAL  OR 
OCMPONENT 

Laminates 


jCCMl't. 


DESIOf  ALLOWABLES 


ergs 

en-(c) 


cm 


BASIS  FOR 

DESIOf 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


X-131-Plastlc 
Laminate  with  BF3400 


8.3(11) 


Tensile  strength 
(•*8 . 3^  )yConipresslon 
strength  (-88^t)^ 
Flexural  strength 


56  p  21 


X-131-Plastic 
laminate  with 
dlcyandlamlde 


8.3(11) 


Tensile  strength 
Flexural 
strength  (-Sl^t) 


56  p  22 


Taylor  Corp. 


G-7  Glass  fabric-  l(10) 
silicone  resin 
laminate.  In 
boiling  dissolver 
solution  of 

IM  Nitric  acid  with  l(ll) 

75  g/l  stainless 

steel  metal  com-. 

ponents.  Ftesistant 

to  this  solution  but 

suffers  10^  weight 

loss 


In^ct  strength 
(/27';o  ipoinpressive 
strength  (-l6;t) 


64  p  15 


Inpact  strength 
(60^),  Coii5>ressive 
strength(-29?t ), 
Volume  resistivity 
decreases  factor 
^10° 


1(12) 


Impact  strength 
decreases  factor'>'10 


8.13 


LUBRICAMTS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALL017ABLES 


MATERIAL  OR 
COMPONENT 

Lubricants 


Hooker  Chemical  Co. 


Fluorolube 
(Gyro  Fluid) 


Shell  Development  Co. 


Shell  APL  grease 


Type  Hi  Temp  Jet  Oil 
A,  ( Complex-ester  bMi 
(-450F  to  3500F)  Ref. 
GTO-790 


Sinclair  Ref ini 


DESICW  ALLOWABLES 

BASIS  FOR 

RADIATION 

■REFECTS 

ergs 

gm-(C) 

n 

cm 

ALLOWABLES 

REFERENCE  No. 

-^1(16) 

(E>2.9Mev] 

Outgassing  (0.37  ML 
gas/ML  fluid) 

12  p225 

2.7(9) 

2.9(15) 

(E>8.9Mev) 

Grease  apparently 
Crystallizes 

31  p319 

7.M9) 

5.8(14) 

5  change  in  neutrally 

44  P55-56 

>) 

(E>2.9Mbv) 

zatlon  NQ(Mgm  KO^gm 
Viscosity  (+19?t) 
Flash  point  (-2k%) 

8.6(9) 

5.1(14) 

12.5  change  in  neutre 

1-  44  P55-56 

(E>2.9Mev) 

ization  Nq£Mgm  KOH/gn 
Viscosity  (-31)i) 
Flash  Point  (-23.2^t) 

) 

1 


85 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

Lubricants 

Speny  Gyroscope  Co. 

BronotrlflouroethylenI 
((^ro  fluid) 


DESIGN  ALLOWABLES 


ergs 

®n-(C) 


cm 


(E>e.9Mev 


BASIS  FOR 

DESIGN 

ALLOWABLES 


Outgasslng  (1.6  ML 
gas/ML  fluid) 


RADIATION 

EFFECTS 

REFERENCE  No. 


12  p226 


Miscellaneous 


Mil-L-9236A,  Sub- 
stltuted-ester  base 

MII-L-9236B,  Sub- 
stituted-ester  base, 
-65°F  to  UOOOp,  Ref. 
GTO-915  furnished  by 
ASD 


1(11) 


Undergoes 

deconposlton  @  50OOP 


68  p94 


1.1(10) 


6.3W 

(E>e.9Mev 


7.2  change  in  neutral 
Ization  Na(MBl&  XDH/ 
gm),  Viscosity(+195t) 
Plash  Point  (-24^) 


44  p55-56 


4p3E,  Bis  (Mix-  1(11) 

phenoxyphenoxy )  Benzeie 
in  Gear  Test 


Viscosity  changes 
frcD  65cs  to  10,000c  s 


68  p74,87 


Mixed-4P3E,  Mix  Bis 
( Fhenoxyphenyl )  Ether, 
350°F,  3000  psl.  Ref. 
GTO-9^/  hydraulic 
Fluid  (also  for  lubri¬ 
cation  use) 


2.7(10) 


3.9(15) 

(E>2.9Mev 


5P4e  Mlx-Bls  (Rieno;^- 
phenoxy)  Benzene  in 
gecu*  test 


1(11) 


on 

.00 


Viscosity  (cs)(+4.75)t) 
+0,i45  change  in 
neutralization  No. 

(Mgm  KOH/gm).  Filtratk 
(pea^lcleB>  5 

My)  +l4.04.  Boiling 
Range  Broadened 


Viscosity  changes  frpn 
400cb  to  17OOOCB  ® 
600°F.  Undergoes  4^ 
deccnposltlon  6  60OOP 
and  501t  «  7000P.  Ac|.d 
No.  changes  from  0 
to  12  (  Mm  KOH/gm) 


50  P21-35 


68  p68,79, 
86 


86 


2.1k 

2.14.1 


MAOHETIC  MATERIALS 


FERRIMMaiETIC 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLCH/ABLES 


MATERIAL  OR 

Mi^!^^c%tenalB  ,| 
Ferrlaagnetlc 


Dlamonlte 

Ferramlc  Q  "peraallojJ 
type" 

MF3876  Memory  Core 
General  Ceramics  Corij 

223MI  -  Mg,  Mn,  Fe 
RCA 

226MI-  Mg,  Mn,  Fe, 

Zn,  RCA 

231  ME  -  Mg,  Mn,  Fe, 
Zn,  Cd,  RCA 

Nickel  Ferrite 
N1  Peg  04 

NlZn  and  MnZn 
Western  Electric 


NXF  0023  -  Mg,  Mn, 

Fe,  LI,  RCA 

S-5  Memory  Core 
General  Ceramics  Cor^ 

Square-Ixx>p 
Bell  Tele.  Labs  ( 2  ea 

T-1  (Square  Loop 
Ferrite)  fast  svltch 
Ing,  Telemeter  Mag.  ^nc 


T-5  (Square  Loop 
Ferrite)  Slower  Swlt 
Ing,  Telemeter  Mag.Id< 


DESICW  ALLOWABLES 


ergs 

0n-(C) 


3.7(9) 

1.1(10)1 


7.7(9) 

1.6(11) 

1.6(11) 

1.6(11) 


1.2(17) 
j(E>l  Mev) 

1.2(17) 

KEi>l  Mev) 


7.7(9) 

1.6(11 

7.7(9) 

7.7(9) 

1.1(10 

1.1(10 


dh- 


1(18  )nf 


2(l7)ne 


3(l8)nf 


2(l7)ne 


1.2(17) 

Ke>1  Mev) 
2(l7)ne 


.  2(l7)ne 


3(l8)nr 


3(l8)nf 


BASIS  FOR 

DESIGN 

ALLCT^ABLES 


No  effect  an  Dlelect: 


Hysteresis  Loop 
flattened  consideral|ly 

Br/as  %  of  Initial 
Value  (tilt) 

d  Vz  (+40)t)  e  85°P 
and  4(l4)nf 

d  Vz  (+50)t)  ©  85°F 
and  4(l4)nf 

d  Vz  i*20i)  ©  85°F 
and  4(l4)nf 

Hysteresis  Loop 
flattened  consideraljly 

Loss  of  magnetic 
properties  due''to 
temperature  heating 
No  radiation  effect^ 
damage 

d  Vz  (+150lt)  ©  1580i( 
®nd  3.5(l5)nf 

Br/an  %  of  initial 
value  (-7)t)ei.2(l7)ije 

Br/an  %  of  initial 
value  (-12^t)ei.2(l7]^ie 

Hysteresis  Loop 
flattened  slightly 


Hysteresis  Loop 
flattened  conalderaHly 


RADIATION 

EFFECTS 

REFERENCE  No. 


ric 


212  p  4.^ 
42  Fig.  13 

15  p65 

30  pl26-13^ 
30  pl2e  - 

132 

30  pl28-13^ 
42  Fig.  15 
15  p63 

30  pl28-l3^ 
15  p65 
15  p65 
42  Fig.  13 

42  Fig.  14 


HUCLE/VR  RADIATION  EFFECTS  DESIGN  ALLOV7ABLES 


MATERIAL  OR 
COMPONENT 

Magnetic  Materials 
Yttrium  Iron  Garnet 


T 


DESIGW  ALLC^.’ABLES 


ergs 

m-  (c ) 


can 


BASIS  FOR 

DESIGN 

ALLO'VABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


3.7(9) 


Linewldth  (+10^6) 


212  p4-49 


geff  factor  does  notl 


chaxige.  Dielectric 
constemt  (<.<1^) 


Yttrium  Iron  Garnet 
( polycrystalline ) 


1.1(10) 


3(l8)nf 


Hysteresis  Loop 
flattens  considerably 


42  Fig.  16 


4o^  Yttrivan  Iron 
Garnet  -  60^  Gadallnl 
Iron  Ferrite 


urn 


Yttrium  Alumlnvim 
Garnet  Ferrite 


3.7(9) 

3.7(9) 


Linewldth  (<1^4)  g^fr 
factor  does  not  chw^ 


Linewldth  (-Oft),  gejjf 
factor  does  not  chan^ 
Dlelectrtc  Constant  T 
(«.  It) 


212  p4-49 


212  p4-49 


88 


r 


MACNETIC  miSRIALS 


2.14  _ 

2.14.2  FERRWttGIfEnC 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOl/ABLES 


MATERIAL  OR 
CCMPOriENT 

Magnetic  Materials ^ 
Ferromagnetics 


DESIGN  ALLW.'ABLES 


ergs 

grn-(C) 


Alfenol  (Disordered) 
16  Al,  Bal.  Fe 


Alfenol  (Oriented) 
16  Al,  Bal.  Fe 


Carbonyl  Iron  E 
(Glass  Binder)  98*5 
Fe,  Bal.  C,N,0 


Carbonyl  Iron  E 
(plastic  Binder) 
98.5  Fe,  Bal.  C,N,0 


2(l8)nt 


2(l8)nt 


(l8)nt 


(l8)nt 


BASIS  FOR 

RADIATION 

DESIGN 

EFFECTS 

ALLOWABLES 

REFERENCE  No. 

89 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.'ABLES 


MATERIAL  OR 
COMPONENT 

lto0Mtlc  Materials, 

DESIOI  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

n 

JJhbiCjW 

ALLOWABLES 

0n-(C) 

an^ 

Deltaaax 

Arnold  Eng.  Corp. 

7.7(9) 

2(l7)ne 

Br/ftn  $  of  Initial 
value  (-9?t)  6  1.2 
(I7)ne 

15  p65 

Fledcenol,  Sendust 
Flake,  5.5  Al,  9*5 
Bal.  Fe 

2(l8)nt 

Permeability  (+11 .U 
$),  hysteresis  loss 
coefficient  (+10^t), 
Eddy  I  loss  coeffi¬ 
cient  (+500^t).  Resi¬ 
dual  loss  coefflclen 
(+88.9^),  Core  loss 
factor  (+100^) 

61  p20 

2-8l  Mo  Permalloy, 
Pressed  Powder,  2  Mo, 
8l  Nl,  Bal.  Fe 

2(l8)nt 

Permeability  ( < 1^) 
Hysteresis  loss 
coefficient  (-331^), 
Eddy  I  loss  coeffi¬ 
cient  (+1005^),  Resi¬ 
dual  loss  coefflclen 
(O^t),  Core  loss 
factor  (+100^1) 

,  61  p20 

; 

1+-79  Mo  Permalloy 

U  Mo,  79  Nl,  Bal.  Fe 

2(l8)nt 

Permeability  @  20 
gauss  (-89^),  Max. 
permeability 

Coercive  force 
(+403^),  Coercive 
force  @  60  cps(+110# 
Remanence  ( 

Remanence  @  60  cps 
(-51^t),  Induction  @ 
30  Oersteds  (+1^), 
Squareness  Ratio 

Normal  indue 
tion  curve  @  0.2 
oersteds  (-6o^t), 
Initial  permeability 

(-91lt) 

61  pl8,  19, 
28,  52 

U-79  Mo  Permalloy 
Arnold  Eng.  Corp. 

(2  ea) 

7.7(9) 

2(l7)ne 

Bt/Bd  i>  of  Initial 
Value  (no  change) 
Coercive  force  in¬ 
creased  factor  of  U 

15  p69 

U-79  Mo  Pemailpy 
Arnold  Eng.  Corp.(2ea 

7.7(9) 

) 

2(l7)ne 

Br/an  %  of  initial 
value  (-46^) 

15  p65 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

Mafcnetlc  Materials 


Mumetal 

5  Cu,  2  Cr,  77  Nl, 
Bal.  Fe 


Nickel  Ferrite 
NIO  •  Fe203 


U8  Nickel-Iron  U8  Ni, 
Bal  Fe 


DESIGW  ALLOV.'ABLES 


ergs 

gm-(C) 


BASIS  FOR 

DESIGN 

ALLCa'ABLES 


2(l8)nt 


Peimeabillty  6  20 


gauss  (-6^^),  Max. 
permeability  (-SSjt) 


RADIATION 

EFFECTS 

REFERENCE  No. 


6l  pl8,  19, 

,  31,  52 


Coercive  force 


(+158lt).  Coercive 
force  ®  6o  cps  (+35ll), 
Remanence  (-26^), 
Remanence  @  6o  cps 
(-l6^),  Induction  @ 

30  Oersteds  {-3$), 


Squeureness  Ratio 
{-23lf>),  Initial 
peimeabillty  (-7^16), 
Normal  induction 
curve  @0.2  Oersteds 


2(l8)nt  Permeability  (no 

change),  hysteresis 
loss  coefficient 
(-11?6),  Core  loss 
factor  (-44^) 

2(l8)nt  Permeability  @  20 
gauss  Max. 

permeability  (-lO^t), 
Coercive  force(+9^) 
Coercive  force  @  60 
cps  (+351fc),  Remanencj 
{-26%),  Remanence 
@  60  cps  {-33%),  In¬ 
duction  @  4o  Oersted  5 
(-2^1),  Squsumnesij 
ratio  {-26%),  Initial 
permeability(  -T?%)  , 
Noimetl  induction 
c\irve  @  0.2  Oersteds 
{-3^) 


6l  p20 


6l  pl8,  19, 

34,  52 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COMPONENT 

Ma^psetlc  Materials 
Ferroaagentlc 


DESIOl  ALLOV.*ABLES 


BASIS  FOR 


ergs 

gm-(C) 


n 

can 


DESIGN 

ALLOWABLES 


Orthonol,  30  Nickel- 
Iron,  50  Nl,  BclL.  Fe 


2(l8)nt 


Peimeability  ®  20 
gauss  (-31^),  Max. 
permeability  (+1516), 
Coercive  force  (-281 i 
Coercive  force  ©  60 
cps  (+^^l6),  Remanence 
(-2^16),  Remanence  © 
6o  cps  (-20^6),  In¬ 
duction  @  30  oersted  s 
(-4^6),  Squareness 
ratio  (-2116),  Initial 
permeability  (-3716), 
Normal  induction 
curve  @0.2  oerstede 


RADIATION. 

EFFECTS 

REFERENCE  No. 


6l  plS,  19, 
35,  52 


(-7.916) 


2  V  Permendur,  2  V, 
49  Co,  Baa.  Fe 


2(l8)nt 


Permeability  ©  20 
gauss  (+316),  Max. 
permeability  (+2l6). 
Coercive  force  (-2l6) 
Coercive  force  @  6o 
cps  (+516),  Remanence 
(-116),  Remanence  @ 
60  cps  (-616),  Induc¬ 
tion  @  30  oersteds 
(-116),  Squareness 
ratio  (016),  Initial 
permeability  (016), 
Normal  induction 
curve  @0.2  oerstede 
(no  effect) 


61  pl8,  19, 
48,  52 


3-1  Silicon-Aluminum-j 


2(l8)nt 


Iron,  3  Si,  1  Al, 
Bal.  Fe 


Permeability  @  20 
gauss  (+116),  Max. 
permeability  (+II6), 
Coercive  force  (-216)L 
Coercive  force  ©  60 
cps  (016),  Remanence 
(-116),  Remanence  @ 

60  cps  (016),  Induc¬ 
tion  @  30  oersteds 
(-116),  Squareness 
ratio  (016),  Initial 
permeability  (016), 

No  effect  on  normal 
induction  curve  or 
hysteresis  loop. 


61  pl8,  19, 

43,  44,  52 


92 


NUCLEAR 


I 


MATERIAL  OR 
CCMPONENT 

Magnetic  Nateriaile, 

3  Silicon-Iron 
(Oriented)  3  Si,  B&l. 
Fe 


DESIGN 


3.5  Silicon-Iron 

3.5  Si,  Bal.  Fe 


Supermalloy 

50  Mo,  79  Wi,  Bol.  Fe 


I 


EFFECTS  DESIGN  ALLO'.-JABLES 


ALLOV.'ABLES 

BASIS  FOR 

DESIGN 

ALIO'VABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

n 

on 

2(l8)nt 

Permeability  S  20 
gauaa  (-t-lSjt),  Max. 
permeability  (+llt). 
Coercive  force  (-2>) 
Coercive  force  6  6o 
cpa  (O^),  Remaaence 
(~3^)*  Remaaence  @ 

6o  cps  (O^t),  Induc¬ 
tion  ®  30  oersteds 
(-1%),  Squareness 
ratio  (-lit).  Initial 
permeability  (O^t), 

No  effect  cn  nonaal 
induction  curve  or 
hysteresis  loop 

61  118,  19, 

4l,  42,  52 

2(18 )nt 

Permeability  @  20 
gauss  (+8^),  Max. 
pezmeabllity  (-lit). 
Coercive  force  (+^) 
Coercive  force  @  6o 
cps  (■►95^),  Remaaence 
( -1-1^) ,  Remanence  @ 

60  cps  (+2^),  Induc¬ 
tion  @  30  oersteds 
{  0  Squareness 

ratio  (+llt).  No 
effect  on  normal 
induction  curve 

61  pl8,  19, 
40 

2(l8)nt 

Permeability  ©  20 
gauss  (-93%),  Max. 
permeability  (-93?^) 
Coercive  force(+8l5^J 
Coercive  force  ©  6o 
cps  (+1000lt),  Rema¬ 
nence  (-38%),  Rema¬ 
nence  ©  6c  cpm(-U6^) 
Induction  ©  JO  oer¬ 
steds  (-3%).  Smare- 
ness  ratio  (-Jafi), 
initial  permeability 
(-9011) 

61  pl8,  19, 
52 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALL0\7ABLES 


MATERIAL  OR 


DESIGN  ALLOWABLES 


ergs 

gm-(C) 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


peraalloy 
nold  Sng.  Corp. 
2  ea) 

pexaendur 
nold  Eng.  Corp. 


•7(9)  p(l7)ne  Permeability  (-55ll) 

I  also  other  changes 


•7(9)  p(l7)ne  Br/Ba  $  at  Initial  15  p65 
value  (-*4^)  9  4(l6)na 


[; 

2.14 

MAGNETIC  MATESIALS 

1 

2.14.3 

PERMANENT  MACNIETS 

NUCLEAR  RADIATION  EFFECTS  DESIGEN  ALLOWABLES 

MATERIAL  OR 
CCMPONENT 

Magnetic  Materials, 
Feraaaent  Ma^ieta 


DESIOI  ALLOWABLES 


ergs 

gm-(C) 


BASIS  FOR 

RADIATION 

DESIGN 

EFFECTS 

ALLOWABLES 

REFERENCE  No. 

Alnlco  II 


Alnlco  IIA 


Alnlco  V 


Alnlco  VC 


Alnlco  XII 


3(20)  4^  decrease  In  open 

^^.023ev]  circuit  Induction 

1(20  )ne  Change  In  open  aag- 

netlc  circuit  Indue 
tlon: 

IS  fifiOr 

-yite  235°c  &  325°c 

2(l8)ne  No  change  In  deaag- 

netlzatlon  curve 

2(l9)ne  Open  magnetic  clrcu 

Induction  change: 


5(20)  1  %  decrease  In  ope; 

E>0.025ev  ;  circuit  induction 

2(l8)ne  Demagnetization  cur 
intercepts  change: 
H( oersteds)  (-lO^t) 
B(K  gauss)(+1.4^)  @ 

5000c 

l(20)ne  Open  magnetic  clrcu 

Induction  change: 
-2.5)t  @  6oOC 
-1^  ®  235OC 
+1^  @  325°C 

2(l9)ne  Open  magnetic  clrcu 

induction  change: 
-9lt  e  3(l8)ne 
-3.5^t  ®  2(l9)ne 

2(l9)ne  Open  magnetic  clrcu 

Induction  change: 

-1.5lt  e  3(l0)ne 

-2ll  e  2(l9)ne 

l(20)ne  Open  magnetic  clrcu 

induction  change: 

-6.511  e  60OC 
-4.5*  e  2^5°C 


59  P25 


59  Pl7 


59  Pl9 


59  Pl9 


59  Pl7 


i 


95 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV?ABLES 


MATERIAL  OR 
COMPONENT 

Magnetic  Materials, 


lAlnlco  XII 


Barium  Ferrite 
(Oriented) 


Barium  Ferrite 
( Unoriented) 


DESIGN  ALLOV.’ABLES 


gm-(C) 


b(l8)ne 


5(20) 

(}E>0.025ev)| 

2(18 )ne 


2(l9)ne 


l(20)ne 


5(20) 

(|E>0.025ev)| 
2(l9)ne 


l(20)ne 


2(l8)ne 


5(20) 
;EX).025ev)| 


BASIS  FOR 

DESIGN 

ALLOWABLES 


Deraagnetlsation  Curvf 
Intercepts  change: 

Rt oersteds )( -2. $^) 
B(Kguas8)no  chan^  9 
5OOOC 

decrease  In  open 
circuit  Induction 

Demagnetization  curv^ 
intercepts  change: 

H( oersteds )( -2 . 94 ) 

B(K  gauss )( -2.6^) 

Open  magnetic  circul^ 
Induction  change: 

-3lt  @  3(l8)ne 
8%  @  2(l9)ne 

Open  magnetic  clrcul4 
induction  change: 

-63i  @  60OC 
-2k. 3%  ®  235°C 
-2U^  @  3250c 

2k<f)  decrease  In  open 
circuit  induction 

Open  magnetic  circui4 
induction  change: 
-3^®  3(l8)ne 
-8%  @  2(l9)ne 

Open  magnetic  circuit 
induction  change: 

-3k.3'f>  ®  6oOc 
-21^  @  2350c 
0  @  3250c 

Demagnetization  curv^ 
Intercepts  change: 

Hf  oersteds )( -$.2%) 

B(K  gauss )( no  change 

2kf,  decrease  In  open 
circuit  induction 


RADIATION 

EFFECTS 

REFERENCE  No. 


59  p2 

66  Fig.  1 
59  p26 

59  Pl9 

59  Pl7 

66  Fig.  1 
59  Pl9 

59  Pl7 

59  p26 

66  Fig.  1 
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MUCIEAR  RADIATION  EFFECTS  DESIGN  ALLOTJABLES 


MATERIAL  OR  DESIGN  ALLOV.’ABLES 

COMPONENT  - 

Magnetic  Materials,  — . 

Peraanent  Maanets  ©n-(C} 


BASIS  FOR 

RADIATION 

DESIGN 

EFFECTS 

ALLOWABLES 

REFERENCE  No. 

3^  ChroBilvm  Steel 


36  Cobalt  Steel 


Cunico  I 


2(l8)ne 


l(20)ne 


2(l9)ne 


2(l9)ne 


l(20)ne 


2(l8)ne 


5(20) 

X).025ev 

2{l9)ne 


l(20)ne 


Demagiietlzatlon  curv 
Intercepts  change: 

Hf  oersteds ) ( -71 .4^) 
B(K  gauss )(-4o^)  ® 
50OOC 

Open  magnetic  clrcul 
induction  change: 
+2.5^t  @  60°C 
-68^  @  2350c 

-66.5^6  @  325°C 

Open  magnetic  circui 
induction  change: 

-&fl>  @  2(l8)ne 

@  2(l9)ne 

Open  magnetic  circui 
Induction  change: 
-30.5^t  @  3(l8)ne 
-9^t  @  2(l9)ne 

Open  Magnetic  circui 
induction  change: 
-37^t  @  60OC 
-37. 5^  @  2350c 
-3^.5^t  @  325°C 

Desiagnetlzatlon  curv 
intercepts  change; 

H(  oe  rs  teds  )  ( -  62 . 5^t ) 
B(K  gauss )(- 36. 3)t)  ® 
500OC 

hO%  decrease  in  open 
circuit  induction 

Open  magnetic  circui 
Induction  change: 
-5.5*  ®  3(l8)ne 
-1.5*  e  2(l9)ne 

Open  magnetic  circui 
induction  chauige: 

-7.5*  e  6oOc 


s  59 

P27 

;  59 

Pl7 

;  59 

pl9 

i  59 

pl-9 

59 

Pi7 

59 

P25 

66 

Fig.  1 

59 

pl9 

59 

Pl7 

I 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 


DESIGN  ALLOWABLES 


Magnetic  Materials,  — “7  • 
Permanent  Magnets  e7n-(C; 


iinlco  I 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


Cunlfe  I 


ESD  Fine  Iron 


BSD  Fine  Iron  Cobalt 


2(l8)ne 

Demagnetization  Curvi 
Intercepts  change: 

H( oersteds ) ( -8.75^) 
B(Kga\iss)(-.5^i)  e  50^ 

59  P25 

|OC 

5(20) 

(EX>.025ev 

8^  decrease  In  open 

1  circuit  Induction 

66  Fig.  1 

2(l9)ne 

Open  magnetic  circul' 
Induction  change: 
-h^.5lo  ®  3(l8)me 
2(l9)ne 

59  Pl9 

l(20)ne 

Open  magnetic  clrcui' 
induction  change: 

+13^  @  6o°c 
-52.5^6  @  235°C 

-92^  ®  3250c 

59  Pi7 

2(l8)ne 

Demagnetization  curve 
intercepts  change: 

H(  oersteds  )(-3»8^t) 

B( Kgaus s ) ( -1 .8^) 

59  p25 

5(20) 

P>0.025ev) 

97^^  decrease  in  open 
circuit  induction 

66  Fig.  1 

2( l8)ne 

Demagnetization  curve 
intercepts  change: 

H(  oersteds  )(- 5?t ) 
B(KgauBs)( -4.7^t)@500< 

59  P2T 

C 

2(l9)ne 

Open  magnetic  circuit 
induction  change: 
-3.5^  @  3{l8)ne 
-2^  @  2(l9)ne 

59  pl9 

3(l8)ne 

Open  magnetic  clrculi 
induction  change: 

(-6.3^) 

59  Pl9 

2(l8)ne 

Demagnetlzatlcx)  curve 
Induction  change: 

H( oersteds )( -25.7%) 
B(Kgau8B)(-7.7^) 

59  P28 

I 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLa-7ABLES 


MATERIAL  OR 

DESIGN  ALLOV.’AMLES 

BASIS  FOR 

DESIGN 

ALLO'.'^ABLES 

RADIATION 

EFFECTS 

Magnetic  Materials, 
— Penanent  Mntmfttg 

ergs 

n 

gn-(C) 

REFERENCE  No. 

PlatlnuB  Cobalt 

2(l8)ne 

Demagnetization  curv 
Intercepts  change: 

H( oersteds )( -2.7^) 
B(Kgau88  )( -4^)e^0C 

59  p26 

tt 

5(20) 

t>0.025ev' 

67^  decrease  In  open 
circuit  Induction 

66  Fig.  1 

It 

2(l9)ne 

Open  magnetic  clrcul 
Induction  change: 

(-12lt) 

59  Pl7 

tl 

1(20 )ne 

Open  magnetic  clrcul 
Induction  change: 

-38lt  ®  2350c 
-4oit  e  325°C 

59  P17 

Sllmanal 

2(l9)ne 

Open  magnetic  clrcul 
Induction  change: 
-lOf,  @  3(l8)ne 
+5.5lt  ®  2(19 )ne 

i  59  Pl9 

tl 

1(20 )ne 

Open  magnetic  clrcul 
Induction  change: 

-U6.5?t  e  60OC 

-72.5^  @  235°C 
-93.5lt  ®  3250c 

;  59  Pl7 

ft 

2(l8)ne 

Demagnetization  curv 
Intercepts  chaxige: 

H( oersteds)  {-6o%) 
B(KgauBs)(-50^)  ® 
5OOOC 

!  59  p26 

It 

5(20) 

E>0.025ev; 

95^  decicase  In  open 
circuit  Induction 

66  Fig.  1 

99 
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2.15 


MOTORS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV7ABLES 


MATERIAL  OR 
COMPONENT 

DESIffll  ALLOV.’ABLES 

BASIS  FOR  1 

RADIATION- 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

Motors 

gm-(c) 

cm^ 

Diehl  Hanufacturlng  Ci 

>• 

60  cps,  2-pole,  2- 
fhase  FPB216  Servo¬ 
motor  (l  ea) 

Electric  Indicator  Co 

1.5(11) 

> ,  Inc . 

1.1(17) 
;e>1  Mev) 

Failed  @  8.7(l6)  nf 

30  p  152-157 

Hysteresis  Synchronou 
Motor,  Class  H  Insu¬ 
lation,  115  V  @  60cps 
with  C^  Research 
#159  grease,  Tjrpe 
ALA5^1  (l  ea) 

Inland  Motor  Corp. 

i  6s6(lo) 

Much  of  the  original 
power  was  lost 

71  p  6,  13,  16 

T2139C,  DC  Torque r 
Motor  (1  ea) 

1.6(10) 

1.2(15) 

(E>2.gMei^ 

Apparent  Torquer  Load 
(oz-inch)  increases 
fran  zero  to  1 

12  p  69 

Lear-Siegler ,  Inc. 

D.  C.  Actuator  Motor 
(1  ea) 

2.7(9) 

2.9(15) 
(E>0.3  Me^ 

APL  grease  failed 

31  p  276-319 

100 


2.16 


0-RINGS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.LCT./ABLES 


MATERIAL  OR 
CCMPONENT 

0-Rings 

DESIOT  ALL0V.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

®n-(C) 

n 

cm^ 

ALLO'VABLES 

Teflon  X 

5(6) 

Weight  Change (-0.01?6| 

8  p  125 

Dupont  Co. 

Teflon  Back-up  Ring 

1.3(9) 

Brittle 

47  p  80 

Linear,  Inc. 

Copolymer  XP-9-13 

5  (6) 

Shore  Durometer 
Hardness  (-1'^) 

8  p  125 

XOT-15T 

(Experimental  Com¬ 
pound  Vlton  A- 
Asbestos ) 

i*.9(9) 

Performeuice 

satisfactory 

47  p  80 

Precision  Rubber 

Produc  ts 

Compound  136? 

(oil “Resistant) 

1(11) 

Hardness (/38^) 

Tensile  (/  llOjt) 
Elongation  (-91^) 

Flat  bend  (Broke) 

Technical 
Bulletin 
from  PRP 

Compound  4387 
(Non-oil  Fteslstant) 

1(11) 

Hardness 

Elongation  (-97)() 
Tensile  (-20^) 

Flat  bend  (Broke) 

Compound  I7OO 
( Vi ton  A ) 

i*.9(9) 

Failed-hardened 
and  Leaked 

Tensile  (-20^) 

47  p  80 

101 


MUCLEAR  RADIATION  EFFECTS  DESIGN  AI.LOV/ABLES 


MATERIAL  OR 

DEsiffli  allc»;ables 

BASIS  FOR 

RADIATION 

EFFECTS 

0- Rings 

ergs 

n 

an^ 

ALLOWABLES 

REFERENCE  No. 

Mlscellaneoxis 

Acrylonitrile 

TnXE-121  #72  (2ea) 

5  (6) 

Weight(/l.0856) 

Shore  Durometer 
hardness  (-2^) 

8  p  125 

Ac  ryloni trile 

TDXE-35  #74  (2  ea) 

5(6) 

Weight  Change (/l. 16^ 
Shore  Durometer 
hardness  (-lOjt) 

8  p  125 

Buna-N 

3.1(9) 

Hardened  but 
kept  seal 

47  p  42,  80 

En-Jay  Butyl 

XI-351  (2  ea) 

5(6) 

Weight  (-0.09^) 

Shore  Durometer 
Hardness  (/  2^) 

8  p  125 

KEL-F  Poppet 

1.1(10) 

Crystallized 

Brittle  and  Cracked 

8  p  88 

Leather  Backup  Ring 

1.3(9) 

No  dEunage 

47  p  42,  80 

Neoprene  #72 

Compound  (2  ea) 

5(6) 

Weight  (/l.009^) 

Shore  Durometer 
Hardness  (O.O^) 

8  p  125 

Neoprene  #74 

Compound  (2  ea) 

5(6) 

Weight  (/  1.007?^) 

8  p  125 

Parco  8o^ 

(Butyl  Rubber) 

1.1(10) 

Melted  (Not  Rec.  For 
Nuc .  Use ) 

8  p88 

Parker  B-U96-7  (2  ea ) 

5(6) 

Weight  (/  1^) 

Shore  Durometer 
Hardness  (-10^) 

8  p  125 

102 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLO'.iABLES 
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I 


2.17  FOXEIITIOICnERS 

2.17.1  CARBGH  COMFOSITIOH 

MUCLE/Ol  RADIATION  EFFECTS 

DESIGN  ALLOT-TABLES 

fl 

s 

■IN* 

i 

MATERIAL  OR 

1  DESICW  ALLOJABLES 

BASIS  FOR 

RADIATION 

jl 

CCMPONENT 

DESIGN 

EFFECTS 

u 

Potentiometers^  Carbor 

ergs 

n 

2 

ALLOWABLES 

REFERENCE  No. 

Composition 

gra-(c) 

cm 

I? 

fi 

0-0. IK^  10,4  at  120OC 

i*.b(lO) 

6.3(13)nf 

Max  R  (-1.2'4)  at  9.2 

2  p. 216,  218 

fl 

RVJ+LAYSAIOIA  (6  ea] 

2.4(15)ne 

;i2)nf,  Min  R  (-72^) 

Li 

at  4.9(13)nf 

. , 

0-25K  (Molded) 

1.6(11) 

4(16) 

Max  R(/l2^o)  at  1.5(6 

35  p.  10.41-59 

!! 

RV6IAXSA253A  (6ea] 

(E>0.5MEV) 

nf,  Contract  ArmR(< 

O-IOOK  i  10,4  at  120O( 

4.5(10) 

6.3(l3)nf 

Max  R(-3.154)  at  I.3 

2p.2l6,  221 

[i 

RV4LAYSA104A  ( 3ea ] 

(15)ne^Min  R(/6i^4) 

at  2.3(15)  ne 

i( 

0-2 ‘jOK  (Molded) 

1.6(11) 

4(16) 

l4axR(  /8 . 3)4  )at  1  ( 16 ) 

35  p. 10. 41-59 

l: 

RV6lAXSA2;?4A  (6ea, 

(E>0.5MEV) 

nf, Contact  Arm  R(<1)4) 

(1  ' 

0-1  Meg  ^  lO/o  atl20°C 

3-5(10) 

1.1(15 )ne 

MaxR(-4.1'4)  at  2.6 

2p.2l6,  223 

1 1  I 

RV4LAYSA105A  (bea] 

3.7(l3)nf 

(14)  ne,MinR(/  35)4) 

at  5.2(l4)ne 

Clilcago  Telephone 

n. 

Supply  Corp. 

1 

0-t;0K  (Film  Type) 

1.6(11) 

4(16) 

Max  R(-23‘4)at  2.3(l6) 

35P.10.  41-55 

ij 

RVI1LAXSB503A  (6ea^ 

(E>0.5MEV 

i  nf,  contact  R  (^1)4) 

O-5OOK  (Film  lype) 

n 

RV‘)LAXSB50UA  (bea] 

" 

" 

Max  R(-194') 

II 

i- 1 

Contact  R  (<  1^) 

0-2.5  Meg  (Film  Type^ 

Max  R  (-24,4) 

ti 

IJ 

RV5LAXSD2-55B  (b  ea) 

Contact  (<  l4) 

1: 


I 


2.17 


vcfmmatmfnsBS 


2.17.2  wiBEwouro 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOI-7ABLES 


MATERIAL  OR 

DESIGW  ALLOJABLES 

BASIS  FOR  1 

RADIATION 

EFFECTS 

Potentiometers,  Wire- 
w  oiind 

ergs 

n 

ALLCT^ABLES 

gm-(C) 

cm^ 

REFERENCE  No. 

Bourns  Labs ,  Inc . 

0-0. bK,  Trim-pot 
3040-W-1-501  (6ea) 

1-3(11) 

5-1  (16) 
E>1  MEV) 

Resistance  (/0.85^) 
at  2(l4)nf,  one 
opened 

30  p .  190-202 

0-20K  ^  10,0,  Trim- pot 
220-W-1-203  (lea) 

6.3(10) 

4.3(16) 

fe>l  MEV) 

MaxR(/  1-5^)  at  8.6 
(I3)nf 

12  p.  165 

0-20K,  Trim-pot 
30J+0-W-1-203  (6  ea) 

Chicafio  Telephone 
Supply  Corp. 

1-3(11) 

5-1(16) 
E>1  MEV) 

Resistance  (/  0.1“^) 
at  3(15 )nf 

30  p.  190-202 

0-1 

RA  30A1SD153AJ  (6ea) 

Hadley  Co.  Inc, 

Robert  M. 

2.5(10) 

6.1(l4)ae 

3-6(l3)nf 

Max  R  (/O.OOdjt)  at 
3(l4)ne,  Min  R(-19^) 
at  3-l(l3)ne 

2  P.209,  212 

0-0. bK  ^  5^.  l/2W, 
Temp  Coeff  ^  20ppa/°C 

Trimpot,  500  TP  (lea) 

7-2(10) 

4.8(16) 

(E>1MEV) 

tex  R  (/  4.78^0)  at 
1.4(l5)nr 

12  P.I80 

11  p,  11 

P.R,  Mallory  and  Co. 

0-5K,  ^  51 

RA15A1SDS02AJ  (t)ea) 

2.5(10) 

1 

1 

1.4(15)ne 

3.6(13)nf 

)tex  R  (/3.3,^)  at  1.2 
(l5)ne,MlnR(-26^)  at 
5.7  (I3)ne 

2  P.209,  210 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOVJABLES 


2.18 


POTTING 


MATERIAL  OR 
COMPONENT 

Potting  Compounds 


American  Latex  Fibre  d 


Stay  Foam  AA-U02 

(2  ea) 


!Dermi6  Chemical  Co« 


Insulating  Lacker 

1162  a/b  (2  ea) 


Dow  Coming  Corp. 
RTV-501  (2  ea) 


tanerson  8e  Cuming,  Inc 
Conducting  Epoxy  57C 

Stycact  2651  W  ( 2  ea 


IPOUNDS 

R  RADIATION  EFFECTS  DESIGN  ALI/5V,’ABLES 


r - - 

DESICTI  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

ALLOWABLES 

Rm-(C) 

cm 

REFERENCE  No 

2(8) 

1.5(15) 

(E>0.1Mev) 

Resistance  Ratio 

Ro/r  =  31,  Volume 
(+15.W 

10  pl51 

It 

It 

Resisteince  Ratio 

Ro/R  =  38 

Volume  (+1,4^) 

10  pl49 

5(8) 

3.3(15) 

(EX.lMev) 

R.  Ratio  Ro/R  =  18 
Volume  ( +l6^) 
changed  from  tan  to  ( 

1 

10  pl47 

irey 

1.9(10) 

1.5(15) 

(E>2.9Mev) 

Resistance  (+1.03^) 

<»  9.2(l2)nf 

12  p239 

5(  8) 


3.3(i5)  R.  Ratio  Ro/r  =  3*3 
( i-JX . )  Volume  (-0.58'^) 


10  plU6 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

DESIGN 

ALLOrCABLES 

RADI/.TION 

EFFECTS 

Potting  Compounds 

ergs 

1  n 

Cm-(C) 

mmm 

REFERENCE  No. 

General  Electric  Co. 

Silicone  Rubber 

RTV-90 

1.3(9) 

8.7(ll)ni 

l(12)nt 

Good  condition  but 
less  pliable 

8  pll7 

Hysol  Corp. 

#12.007  (2  ea) 

2(8) 

1.5(15) 

(E>0.1Mev; 

R.  Ratio  Ro/R  =1.3 
No  volume  change 

10  pl50 

Mica  Corp, 

EGT58T  (2  ea) 

Minnesota  Mining  Sc  M 

2(8) 

rg.  Co. 

1.5(15) 

(E>0.1Mev; 

R.  Ratio  Ro/r  =  h^O 
Volume  (+6,93()^  darke 

10  pi  52 

led 

Scotchcast  #3  (2  ea 

)  5(8) 

3.3(15) 

(E>0.1Mev) 

R.  Ratio  Ro/R  =  2.7 
Volume  (+0.89^) 

10  plU6 

Scotchcast  foam 

Resin  #603  (2  ea) 

tt 

i: 

R.  Ratio  Ro/R  =  170 

10  pl5'+ 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOIJABLES 


PolysTilfide  Rubber  1.3(9)  8.7(ll)nlj  Good  Condition  8  pll7 
PR-1201-Q  l(l2)nt 


Shell  Chemiceil  Co. 

EPON  828  5(8)  3.3(15)  R.  Ratio  Ro/R  =  2.7  10  I>l48 

Cat.  D  (2  ea)  (E>0.1Mev)  Volume  ( +1 . 3^),  Darkei icd 
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2.19 


PRIMTBD  CIRCUITS 


2.19  pruhbd  circoits 

2.19.2  BOARDS 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOT'JABLES 


MATERIAL  OR 
CCMPONENT 


Printed  Circuit,  Boards, 

>  1  em-(c) 


DESIGN  ALLC».’ABLE£ 


n 


BASIS  FOR 

RADIATION 

DESIGN 

EFFECTS 

ALL0\^A3LES 

REFERENCE  No. 

Centralab  Division 


5.5  (loj  3.6(l5)n 


Copper-clad  f Iberglas; :  2.1(8) 
Melamine  (2.5"  x  4") 
following  coatings 
were  used:  (l)  Nitro¬ 
cellulose  lacquer 


(2)  Silicone  Varnish 
(DC  997) 


(3)  Epoxy  -  polyamid 


(U)  Polyester 

catalyzed  with 
methyl  ethyl 
ketone  (MEK  ) 
peroxide 


(5)  Uncoated 


2  P.  776,  793 


I**  P»  3,  6 


14  p.  3,  10 


14  p.  3,  10 


14  p,  3,  10 


14  p.  3,  10 


m 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
CCMPONENT 

DESIOI  ALLOV.’ABLES 

BASIS  FOR 

RADIilTION 

EFFECTS 

REFERENCE  No. 

n 

ALLO’s'ABLES 

Printed  Circuity  Board 

Continental  Connector 
Corg. 

Glass  Epoxy  I^e 
(Uncoated)  (2  ea) 

5.5(10) 

3.6(15 )ne 

Insulation  resistance 
decreased  by  factor 
1(6)  at  1.2(l4)ne  and 
1-7  (9)e/g.^^  corrod¬ 
ed,  and  blistered. 

2p.  782,  776 

(Acrylic  Coated)  (2ea 

\ 

*  1 

Insulation  resistance 
decreased  by  factor 
1(3)  at  2.8(15)  ne 
and  6.3  (10)ergs/gm-(' 
corroded  and  bli ster- 
ed. 

M 

Glass  Melamine  Type 

5.5(10) 

3.6(l5)ne 

Copper  corroded^ 1 
lead  opened, 
capacitance  between 
leads  (/  165) 

2P-  776,  785 

Nylon  flienolic  Type 

5-5(10) 

3.6(15 )ne 

Capacitance  between 
leads  (-55),  No 
Fbysical  damage  but 
leads  easily  removed 
from  board 

2  P,  776,  792- 

796 

Paper  Phenolic  lyiJe 
XXXP 

5-5(10) 

3-6(15 )ne 

Capacitance  between 
Lends  {/■  7-7  5), 

Boards  wore  extremely 
Brittie 

2  P  .  776,  787 

Teflon  Type 

5.5(10) 

3.6(l5)ne 

Board  was  destroyed 
by  radiation 

2  p  .  776,  791 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLCH’ABLES 


MATERIAL  OR 
CCMPONENT 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

Printed  Circvilt  Board 

"■^n-CC) 

cm^ 

Formica  Corp. 

Subs.  American 

CvanEunld  Co. 

Glass  Melamine  lVi)e 

5.5(10) 

3.6(15 )ne 

Capacitance  (O^) 
Copper  Strips  cor¬ 
roded 

2P.776,  786 

Paper  Phenolic  Type 

36 

5.5(10) 

3.6(l5)ne 

Capacitance  (/24.7^) 
Boards  were  extreme] 
Brittle 

2 P.776,  788 
y 

General  Electric  Co. 

Paper  Phenolic  I’ype- 
XXXP 

5.5(10) 

3.6(15 )ne 

Capacitance  (/l^t.^), 
Boards  were 

Extremely  Brittle^ 

1  Lead  opened 

2  p.776,  788 

"lica  Corp. 

Glass  Melamine  Type 

5.5(10) 

3.6(l5)ne 

Capacitemce  (/  40^) 
Copper  Strip  Corrodet 

2p.776,  786 

Paper  Plienolic  lype- 

6038 

5.'^(10) 

3.6(l5)ne 

Capaciteuice  (/l6.5^) 
Boards  Extremely 
Brittle 

2P.776,  788 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COMPONENT 
Printed  Circuit 


DESIGN  ALLOV.’ABLES 


gtn-(C) 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.-ABLES 


MATERIAL  OR 
CCMPONEMT 

DESIC»r  ALLOV.’ABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

ergs 

n 

Printed  Circuit  Board 

i gm-(C) 

y 

cm 

REFERENCE  No. 

Synthane  Corporation 

Glass  Epoxy 

(Uncoated)  (2  ea) 

5.5(10) 

3.6(l5)n« 

Insulation  reslstanc 
decreased  by  factor 
-^1(4)  ®  2.9(l5)ne  & 
4.3(lO)ergs/gm-(c) 
Strips  corroded.  No 
other  damage 

j  2  p776,782 

(Acrylic  Coating) 
(2  ea) 

It 

II 

Insulation  reslstanc 
decreased  by  factor 
-^1(4)  @  3.2(l5)ne  & 
3.3(10 )e/g-(c).  No 
physical  damage 

a  II 

Glacc  M;ilainine  TVpc 

• 

H 

O 

3.6(l5)ne 

Capacitance  (+10^), 
Corroded  strips. 
Extremely  brittle 

2  p776,786 

I.'ylon  Phenolic  Type 

5.5(10) 

3.6(l5)nc 

Capacitance  (+21^), 
No  idiysiCBl  damage, 
Coijper  strips  easily 
removed 

2  p776,791 

Paper  Phenolic  Type 
XXXP 

5.5(10) 

3.6(l5)nc 

Capacitance  (+17^), 
Extremely  brittle 

2  p776,T87 

Taylor  Fibre  Company 

Glass  Epoxj-  Type 

(uncoated)  (2  ea) 

5.5(10) 

3.6(l5)nc 

Insulation  reslstanc 
decreased  by  factor 
l(4 )  immediately. 
Blistered  8e  Warped 

2  p776,781 

r  atir.g) 
(2  ea) 

f  • 

II 

Insulation  reslstanc 
decreased  by  factor 
-d(3)  @  e.2(l5)ne  & 
3.3(lO)ergs/gm-(c) 
Blistered  &  Warped 

>  M 
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NUCLEAR  RADIATION  EFTECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 

DESICai  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLCa’ABLES 

Printed  Circuit  Board 

Bgm-(C) 

cm 

Taylor  Fibre  CompanyC 

'ont.) 

Glasa  Melamine  Type 

5.5(10) 

3.6(l5)ne 

Capacitance  (-6o^), 
Corroded,  Esrtremely 
brittle 

2  p776,786 

Nylon  Phenolic  Type 

5.5(10) 

3.6(15 )ne 

Capacitance  (+16^), 

No  physical  damage. 
Copper  strips  loose 

2  p776,791 

Paper  Phenolic  Type 
XXXP2U2 

5.5(10) 

3.6(15 )ne 

Capacitance  (+27^6), 
Extremely  brittle 

2  p776,788 

Miscellaneous 

Flourcarbon  Type 

5.5(10) 

3.6(l5)ne 

Boards  melted  in-pile 
due  to  radiation 

2  pT92 
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2.20  PROTECTIVE  COATIUGS  I 


2.20.1  ENAICLS 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV/ABLES 


MATERIAL  OR 

DESI®  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

VAWr\JNllINT 

Protective  Coatings 
(Enamels) 

ergs 

n 

ALLOWABLES 

gm-(C) 

cm^ 

Type  I,  \rtiite 

Enamel  MIL-E-7729 

1(11) 

Change  of  in 

reflectance,  a  mark¬ 
ed  decrease  in 
adhesion,  a  marked 
increase  in  abrasion 
resistance 

73  P.  17 

Type  I,  Red  Enamel 

MIL-E-7729 

7(10) 

A  change  in  color, 
a  slight  decrease  in 
adhesion,  decrease 
in  corrosion  re¬ 
sistance  . 

73  P.  17 

Type  I,  Black 

Enamel,  MIL-E-7729 

7(10) 

A  decrease  in 
adhesion,  in^proved 
flexibility.  No 
effects  were  noted 
at  1  (10)  ergs/gm-(c) 

73  P.  17 

Drying  Oil  Alkyd 
Enamel  Type  1 
MIL-E-7729 

1(11) 

Very  good  reslsteuice 
to  radiation. 

Further  Irrsuliatlon 
would  seriously 
degrade  thid  materlaJ 

73  P.  17 

Glyceryl  Pthalate 
Alkyd  Enamel,  Type 

I,  MIL-E-5b5T 

1(11) 

Very  good  resistance 
to  radiation 

73  P.  17 

2.20 


PROTECnVE  COATINGS 


2.20.2  PIWISHES 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALL0V7ABLES 


MATERIAL  OR 
COMPONENT 

Protective  Coatings 
(Finishes) 

DESICT  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

gm-(C) 

cm 

Hienolic  (A  Phenol - 
formaldehyde  thermo¬ 
setting  resin  color¬ 
ed  by  a  blue  organic 
dye. ) 

MIL-C-30U3  Blue 

1  (11) 

This  dose  vas  slight¬ 
ly  harmful  at  25OOF 
but  improved  the 
coating  at  500°F.  At 
500OF  the  humidity 
resistance  and  film 
condition  improved. 

73  P.  18 

Epoxy 

Coatings 

MIL-C-Uii56  (USAF) 

Blue  -  Gray 

1  (11) 

Increased  Irradiatioi 
caused  a  decrease  In 
humidity  resistance, 
Eidhesion,  reflectance 
for  the  unbaked 
samples.  For  the 
baked  samples, 
adhesion,  abrasion 
re  si stance, humidity 
resistai  ce,  flexibill 
ty,  and  film  proper¬ 
ties  decreased;  the 
color  changed  also. 

73  P.  19 

Silicone  -  Alkj-ds 
^^X-E-2'J6o6(USAF) 

1  (10) 

Little  Effect 

73  P.  19 

White 

(Plaskon  3t-873  resin 

5  (11) 

) 

Large  decrease  in 
reflectance,  euiheslon 
and  film  condition. 

A  large  increase  In 
abrasion  resistance. 

73  p.  20 

f 

1 

U.8 


2.20 


PROrTECnVE  CQATIHGS 


2.20.3  FLUORmA'IED  VTITTLS 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
CCMPONENT 

Protective  Coatings 
(Fluorinated  Vinyls) 

DESIGN  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No 

crf^s 

n 

ALLO’n'ABLES 

Gm-(C) 

cm'' 

M.  W.  Kellogg  Co. 

Fluorinated  vinyl 
Lacquer,  aluminized, 

1  (11) 

Unbaked  samples 
showed  greatly  in¬ 
creased  abrasion 
resistance  and 
apparent  adhesion. 

73  p.  19 

b  (11) 

Decreased  abrasion 
resistance  and  ap¬ 
parent  adhesion  due 
to  flaking  of  the 
film. 

73  P*  19 

1  (11) 

Baked  samples  de¬ 
creased  apparent 
adhesion  and  increas¬ 
ed  abrasion  re¬ 
sistance 

73  P.  19 

b  (11) 

Greatly  decreased 
apparent  adhesion, 
abrasion  resistance, 
and  flexibility 

73  P-  19 

Fluorinated  Vinyl 
Lacquer,  aluminized 
KEL-F-boO 

>  (li) 

Ihis  material  has 
poor  resistance  to 
radiation.  At  1(11) 
there  was  moderate 
degradation  at  Tb°F 
and  2:;0OF.  Degra¬ 
dation  was  severe  at 

S  (11)  at  75OF  and 
2bOOF. 

73  P.  21 

120 


I 

I 


2.20  PROTECTIVE  COATINGS 

2.20.4  LACQUERS 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOVJABLES 


MATERIAL  OR 
COMPONENT 

Protective  Coatings 
(Lacquers  ) 


DESIGN  ALLOV.’ABLES 


gm-(C) 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No 


White  Nitrocellulose 
Lacquer,  MIL-L-7178 


1  (11) 


Red  nitrocellulose 
La-quor,  Mil-L-7178 


1  (11) 


Black  nitrocellulose 
Lacquer,  MIL-L-7178 


1  (11) 


A  marked  yellowing 
(27^4  change  in  re¬ 
flectance),  an  in¬ 
crease  in  adhesion 
and  humidity  re¬ 
sistance,  a  decrease 
in  flexibility, 
abrasion  reslsteince, 
gloss,  and  film 
condition . 

A  noticeable  darkenln 
increase  in  adhesion 
and  abrasion  re¬ 
sistance  decrease  lii 
flexibility,  gloss, 
and  film  condition. 

Increased  adhesion, 
abrasion  resistance, 
humidity  resistance, 
and  a  loss  of  gloss. 

N.  B.  Irradiations 
of  7  (10)  embrittled 
the  lacquers,  in¬ 
creased  blistering 
in  humidity.  No 
effect  was  noted 
at  1  (10)ergs/gin-(C) 


73  p.  17 


73  P*  17 


73  p.  17 


73  P.  17 
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2.21 


RELAYS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESIOT  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Relays 

ergs 

n 

ALLOWABLES 

gm-(C) 

cm 

Allied  Control  Co., In 

Type  MH-180 
hermetically  sealed 

(L  ea) 

4.46(10) 

»*.38(12) 

^>2.9MEV) 

CoilR(/7.3';&)  at 

1. 38(11 )nf.  Drop  out 
current-  erratic 

21  P.35,  66 

Branson  Corj). 

Time  Delay,  6.3v 
heater 

2P2T,  115V 

Type  MTRH-3127  (lea) 

6.3(16) 

(EX).5MEV) 

No  damage  to 

Relay  operation 

35  P.6.55, 
10.127 

C.F.  Clare  and  Co. 

Telephone  Type 
(uncovered) 

A29<J3‘t  (•*ea) 

4.3(10) 

3.3(12) 

(E>2.9:.EV; 

Coil  R(/  2.8T;i)  at 
1.06(11  )nf,  Drop-out 
current  (/  3-26;^) 

21  p.  37,  68 

General  Electric  Co. 

ZL178  Magnet  wire 
(Basically  Formex) 
Type  F3  lOOYl  (3  ea) 

7.3  (8) 

3.1(15) 

(E>0.i:iEV; 

Coil  R('^3.5'*'^)  at 
1.4(15)nf,  contact 

R(^  12-,:S) 

10  p.  16,  131 

TFE  Teflon  wire 

Type  FB1O0Y2  (3  ea) 

8.8(8) 

3.7(15) 

(EyO.U-tEV) 

Coil  R  (/  5.9,3)  at 
4.2(15 )nf,  contact 

R(12.5:'3) 

10  p.  16,  132 

ML  Enamel  :'ngnet  Wire 
TyTG  FB100Y3  (3  ea) 

9-7(8) 

6.1(15) 

(EX).1MEV) 

Coil  R  (/  5.5^)  at 

5. 1( 15 )nf,  Contact  R 
(I2.5vi) 

10  p.  16,  133 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOT-JABLES 


MATERIAL  OR 
COMPONENT 

Relays 

DESiof  allov;ables 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

gm-(C) 

n 

ALLCn'fABLES 

liartman  ElectrlceO. 
Manuf ac  taring 

Power  Contractor 
Coil:  28VDC 

Contacts:  200VAC> 
UOOcps 

Type  BH-I38AH  (lea) 

3(10) 

1.7(16) 

(E>1MEV) 

Satisfactory  oper¬ 
ation  throu^^out 
test. 

Contact  operation 

o.k. 

30  p.183 

Hathaway  Electronics 

Inc . 

Dri-reed  relay 

Series  M-Form  A  (lea 

6.7(10) 

5.3(16) 

(E>0.3MEV; 

Normal  operation 
throughout  test 

31  p.190 

Potter  and  Brumfield 

Inc. 

DPDT  2A  at  30  VDC 
lype  PBSCllD^  ( 3ea ) 

1.1(9) 

6.5(15) 

(EX).1MEV; 

Coil  R  (/  4.5^t)  at 
2.3(15)nf,  Contact  R 
at  2.3(15)nf 

10  p.  16,  134 

SK.’T,  2A,  1.8k,  65nrw 
Coil,  500V(ms) 

PW  Type  (2  ea) 

6.1(15) 

(E>0.5MEV; 

Contact  resistance 
increased,  contacts 
were  pitted  and 
blackjnot  rec.  for 
Hi-I  or  low  Signal 
application  in  Nuc. 
Environment 

35  P.  10.119- 
124 

General  Purpose 
Uncovered 

Type  SPUD  ( U  ea  ) 

5. 1^(10) 

^*.5(12) 

E>2.9MEV) 

Coil  R  (/  7.9^^)  at 
l.U2(ll)  nf 

Drop-out  I  (/  3.85'36) 

21  p.  33,  64 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COMPONENT 

Relays 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

gm-(C) 

n 

- T- 

cm 

ALLO'.-fABLES 

Potter  and  Brumfield 

Con' t 

lildget,  Hermetically 
Sealed,  Type  SM5DS 
(U  ea) 

5.5(10) 

4.9(12) 

;e>2.9mev) 

Coil  R  (/  7.8$)  at 

1.56(11 )nf 

Drop-out  I  (/  13.4)t) 

21  p.  36,  67 

2  PST  -  N.O.,  28vDC 
5.6  ma, 

Tj'pe  KH  (4  ea) 

1.2(17) 

(E>0.5MEV 

Pull-in  V  (+303t) 
Drop-out  V  {^2C$) 
Satisfactory  oper¬ 
ation 

35  P.  10.124- 
127 

Price  Electric  Co. 

Rotary  (uncovered) 

TVpe  7<J-3  (4  ea 

^  7.6(10) 

6.1(12) 

:E>2.9MEV) 

Coil  R  (/  7.371^) 
at  1.93(ll)nf 

21  p.  39 

26VDC,  Gelenoid  type 
HermetiCELlly  sealed 

KB  part  /  300R022 
(3  ea) 

3.7(10) 

5.7(9) 

2.2(l4)nf 

1.7(16W 

(EX).5Mev) 

Pull-in,  drop-out 
Time,  current  and 
voltage  all  remained 
vd-thin  specification 

4  p.  16-35 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
CCMPONENT 

Relays 

DESlffll  ALL0V.'A3LES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

gm-(C) 

cm^ 

i 

Midget  Henastically 
Sealed 

Type  22  RJC-200G(4ea ) 

6.9(10) 

6(12) 

(E52.9MEV 

Coil  R  (/8?t)@  2(ll)nf 
Drop-out  I  (/5.7^) 
at  l.l(l2)nf 

21  P.  38,  69 

Sensitive  Aircraft 
Type 

Hermetically  Sealed 
Type  5  RJ-20006  (4ea) 

5.5(10) 

U.5(12) 

;e>2.9mev) 

CoilR(/  S.^)  at 
1.42(11 )nf ,  Drop-out 

I  (/7.5^)  at  3.7(12) 
nf 

21  p.31,  62 

Sensitive  Aircraft 
Type 

Type  t)R- 20006  (4ea) 

9.9(10) 

7.6(12) 

[E>2.9Mev) 

Coil  R(/7.6^)  at  2.4 
(11  )nf^  Drop-out  I 

(/  3.85^) 

21  p.  33,  64 

Western  Electric 

Mercury-welted 

contacts 

Hermetically  sealed 
Type  275c  (4ea) 

Westinfihouse  Air 

Brake  Co. 

5. ^(10) 

i*.5(l2) 

(E>2.^ev) 

Coil  R(/7.7^)  at  1.5 
(ll)nf  Drop  out  I 
(/3.95‘;t) 

21  p.  3‘*,  65 

26.5VDC,  Hermetic 
#312:;87-002  (4ea) 

3.9(10) 

5.5(9) 

_ 

2.3(ll)nf 

1.7(16 )nf 

(EX).5Mev) 

Satisfactory  oper¬ 
ation,  Icoll  opened 

4  p. 16-35 
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RESISTORS 


2.22.1  B(»ON- CARBON  CCWPOSITION 


NUCLEA.R  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


il 

11 

fi 


126 


DESIGN  ALLOV.’ABLES 


n 


gtn-(C) 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


ornlng  Glass  Works 


i.65K+l^fc 

!N25Rir631F  (7  ea) 


nternatlonal  Resistance  Co. 


).lK+2^ 

IN20R1000G  (4  ea) 

.K+l?t 

iNTOBlOOlF  (3  ea) 

.OOK+2^t 

tN20R1003G  (4  ea) 

.  MeE±2% 

IN20R1004G  (4ea) 


1.4(l5)ne 
9.0  (I7)nt 

Resistance  (+4. 656) 

2p  163,145 

1.2(l5)ne 

Res  i  s  ta  nee  ( +I6 . 9^6) 

2p  147,144 

B.9(l7)nt 

@  1.13(l5)ne 

2.l(l5)ne 

Res  i  stance  ( +1 . 156) 

2p  145,186 

L.7(l8)nt 

2.0(l5)ne 

Res  i  stance  (  +11 . 8^t) 

2p  144,149 

L.3{l8)nt 

@  1.88(l5)ne 

2.0(l5)ne 

Resistance  ( +3 . 1?6) 

2pl44,150 

L.3(l8)nt 

@  1.22(l5)ne 

2.22 


RESISTORS 


2.22.3  CARBON  COMPOSITION 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 
Resistors,  Carbon 
Cooiposition 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

gm-(C) 

cm 

Allen -Bradley  Co. 

O.XK+10^,  IW 

Type  GB,  RC-30(l2  ea) 

6.2(10) 

l.li(l6) 

(E>2.9Mev) 

Resistance(-4.9^t) 

@  2.88(lO)ergs/gm-(c 

23p  19,48,61 

O.IK  |W  (3  ea) 

5-7(10) 

2.5(l7)ne 

Res i stance ( -12^) 

15P  26 

0.1K,MIL-R-11B 
RC32GF101J  (12  ea) 

2.6(10) 

1.0(l5)ne 

Res i stance (-2.7%) 

©  4.34(l4)ne 

2p  25 

O.IK 

RC20  BfIOU  (4  ea) 

5-1(10) 

3.l(l5)ne 

Resistance(-2.95t) 

Ip  300  689 

0.1K+10?(,  Jw 

Type  EB,  RC-20(12  ea) 

6.2(10) 

1.U(16) 

(E>2.9Mev) 

Rest  stance  (+7. 5?^) 

@  3-54(9)ergs/gm-(C) 

23p  19,48,63 

O.lK+10^,  2W 

T\-pe“lIB,  RC-30  (12ea) 

6.2(10) 

1.4(16) 

(E>2.9Mev) 

Rests  tance  ( -4 .  l^t) 

©  1. 95(10 )ergs/gm-(C) 

23p  19,48,61 

IX,  MIL-R-llB 
RC32GF102J  (12  ea) 

2.6(10) 

1.0(l5)ne 

ResiEtance(-3- 3%) 

©  7.06(l4)ne 

2p  27 

IK, 

RC20BF102J  (5  ea) 

2.9(10) 

1.0(l5)ne 

Res i s  tance ( - 5  - 

Ip  308,  689 

lOK+lO^t, 

Type  EB,  RC-20(12  ea) 

6.2(10) 

1.4(16) 

(E>2.9Mev) 

ReEistance( -4i) 

©  1. 5(lO)srgs/gm-(C) 

23P  19,48,60 

10K+105(,  IW 

Type  GB,  RC-30  (l2ea) 

6.2(10) 

1.4(16) 

(E>2.9Mev) 

Resi8tance(  -4.95^) 

©  1.95(lO)ergs/gm-(C) 

_ 

23p  19,48,60 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COMPONENT 
Resistors,  Carbon 
CoDiDosltion 

DESIGN  ALLOV.'ABLES 

BASIS  FOR  1 

RADIATION 

EFFECTS 

ergs 

n 

ALLOWABLES 

gm-(C) 

REFERENCE  No. 

Allen -Bradley  con't 

22K+5^t 

ROOT  (1  ea) 

1(9) 

7(15) 

(E>0.1Mev) 

Res  i  stance  (-*0.14^) 

lOp  126 

1(9) 

7(15) 

(l>0.1Mev) 

Res  i  stance  (c<  1%) 

lOp  126 

125K 

RC20BF124J  (h  ea) 

5-7(10) 

2.1(l5)ne 

Resistance(-7.7?t) 

@  1.87(l5)ne 

Ip  325,  690 

12  5K 

RC32GF121J  (12  ea) 

2.6(10) 

1.0(l5)ne 

Resistance( -6. 5^) 

©  6. 58(l4)ne 

2p  29 

21^K,|W  (3  ea) 

5.7(10) 

2.5(l7)ne 

Resistance( -1256) 

15p  26 

I  Meg  4-W  (3  ea) 

5.7(10) 

2.5(17)ne 

Res  i  B  tance  ( -9^t) 

15p  26 

L  Meg 

RC32GF105J  (12  ea) 

2.6(10) 

L.0(l5)ne 

Resistance( -6.856) 

©  6.58(lU)ne 

2p  31 

LO  Meg,4-W  (3  ea) 

5.7(10) 

2.5(l7)ne 

Resistance  (  -10%) 

L5p  26 
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fi 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOVTABLES 


MATERIAL  OR 
COMPONENT 
Resistors,  Carbon 
.  Onnmnsi  tlon 

DESICTI  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

ALLOWABLES 

gm-(C) 

- 

cm 

REFERENCE  No. 

International  Resistan 

:e  Co. 

D.1K+I05t,  2W 

Type  BTB,  RC-1+1  (l2ea) 

5.2(10) 

l.U(l6) 

(E>2.9Mev) 

Resistance(+5lt) 

@  1. 95(10 )erg8/gm(c) 

23P  19,'^8,50 

lOK+10^,  2W 

Type  BTB,  RC-4l  (12ea) 

6.2(10) 

1.4(16) 

(E>2.9Mev) 

Resistance(+6.3^t) 

@  1. 95(10 )ergs/gm-(c) 

23p  19,W,51 

IOK+10^6,  2W 

BT-13,  RC41G1002K 
(12  ea) 

1.6(9) 

7.5(13) 

(E>2.9Mev) 

Res i stance ( +0 . 75W 
@  2.97(l3)nf 

22p  3,31 

Speer  Carbon  Co. 

O.IK 

RC20BF101J  (1+  ea) 

5.1(10) 

3.l(l5)ne 

Resistance ( -10 . 3%) 

Ip  300,689 

IK 

RC20BF102J  ( 3  ea) 

2.9(10) 

1.0(l5)ne 

Reels tance ( -4 . 8^) 

®  9.45(l5)ne 

Ip  308,  689 

12  5K 

RC20BF124J  (4  ea) 

5.7(10) 

2.l(15)ne 

Resistance(  -5.9^^) 

@  1.9(15)ne 

Ip  325,690 

1  Meg 

RC20BF105J  (U  ea) 

2.1(10) 

6.6(l4)ne 

Res i stance (  -20 . 5 /t) 

Ip  317,  690 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOVJABLES 


MATERIAL  OR 
COMPONENT 
Resistor,  Carbon 
Composition 

DESIOT  ALLOV.’ABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

ergs 

1  n 

gm-(C) 

wmm 

REFERENCE  No. 

Stackpole  Carbon  Co. 

O.IK 

RC20BF101J  (U  ea) 

5.1(10) 

3.l(l5)ne 

ResiEtance(-3.3^6) 

Ip  300,689 

IK 

RC20BF102J  (It  ea) 

?.9(10) 

1.0(l5)ne 

ResiEtance(  -6.75^) 

Ip  308,689 

12  5K 

RC20BF124J  (U  ea) 

5.7(10) 

2.0(15)ne 

ReEistance(  -15.856) 

@  1.9(l5)ne 

IP  325,690 

1  Meg 

RC20BF105J  (U  ea) 

2.1(10) 

6.6(l4)ne 

Res  i  E  tance  ( -1 3 . 156) 

@  6.2(l4)ne 

Ip  317,690 
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RESISTORS 


2.22.U  CARBON  FILM 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOVrABLES 


MATERIAL 

OR 

DESIGN  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

Refilstors.  Cftrhnn  Vilr 

ergs 

,  em-(c) 

n 

■  —  p 

cm ' 

ALLOWABLES 

REFERENCE  No. 

Aerovox  Corp 

O.lK+2^ 

RN20X1000G 

4.0(10) 

2.0(l5)ne 

Resistance ( +4 . 3^) 

@  1.4(l5)ne 

2pl52,l44 

O.lK+256 

RN25X1000F 

(2  ea) 

2.5(10) 

1.2(l5)ne 

Re s i s tanc e ( +1 . 7^) 

@  9.9(l4)ne 

2pl67, 144 

O.lK+256 

RN25X1000G 

(h  ea) 

2.5(10) 

1.2(l5)ne 

Resistance ( +1 . 6^) 

@  1.04(l5)ne 

2p  177,144 

lK+25t 

RN20X1001G 

ea) 

2.5(10) 

1.2(l5)ne 

Res i stance ( -1 . 7%) 

©  2.54(l4)ne 

2p  153,144 

LK+25t 

RN25X1001G 

(h  ea) 

3.8(10) 

2(l5)ne 

Resistance  (  -1 . 5^6) 

@  2.49(l3)ne 

2p  179,144 

lOOK+2^6 
^N20X100 JG 

(1+  ea) 

2.0(10) 

3.0(l4)ne 

Resistance (-1.9%) 

©  1.75(l4)ne 

2p  156,144 

LOOK+25t 

m25X1003G 

(4  ea) 

3.8(10) 

5(l5)ne 

Resistance ( -1 . 5^) 

@  1.34(l3)ne 

2p  181,145 

RN25X2503F 

(2  ea) 

4.5(10) 

2.3(l5)ne 

Resistance(  -O.856) 

@  1.76(l5)ne 

2p  175,144 

1  Meg+2^ 
RN25X100l*G 

(3  ea) 

3.8(10) 

2(15)ne 

Res  i  s  tance  (  -  5?t) 

@  1.42(l5)ne 

2p  182,145 

I  Meg+2^ 
RN20X100l*G 

(4  ea) 

2.0(10) 

3.0(l4)ne 

Res i E  tance ( -2%) 

@  1.67(l4)ne 

2p  159,144 

L  Mee+2^ 
RN25X100UF 

(2  ea) 

4.2(10) 

2.0(15)ne 

_ 

Res  i  stance  (  -2 . 7?6) 

@  2.63(l3)ne 

2p  172,144 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV?ABLES 


MATERIAL  OR 
COMPONENT 

DESIOl  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

1  n 

ALLOWABLES 

mBi 

msm 

REFERENCE  No. 

Daven  Co. ,  Hie 

■ 

O.lK+l^t 

RH25X1000F  (1*  ea) 

International  Resistai 

1.2(l5)ne 

Res i s  tance ( +2 . 6^) 

2p  168,144 

O.lK+l^t,  2W 

Type  DCH,  RN-30(l2ea) 

6.2(10) 

1.4(16) 

(E>2.9Mev) 

Resistance  ( +35t) 

@  l(lO)ergs/gm-(c) 

23P  19,'^8,55 

O.lK+2^ 

RN20X1000G  (1+  ea) 

2.5(10) 

1.2(l5)ne 

Resistance  (  -1 . 6'f>) 

@  2.67(l4)ne 

2pl76,l44 

0.1K+25t 

RN20X1000G  (4  ea) 

4.0(10) 

2.0(l5)ne 

Res i s  tance ( -1 . 4^) 

@  2.49(l3)ne 

2p  151,144 

0.1X+15t 

RN2SXLOOOF  (2  ea) 

2.5(10) 

1.2(l5)ne 

Resistance  (  +1 . 15t) 

@  8.54(l4)ne 

2p  165,144 

0.1K+l?t 

RN75B1000F  (3  ea) 

4.6(10) 

2.2(l5)ne 

Re  E i s  tanc  e ( +1 . 3^ ) 

@  9.6(13)ne 

2p  188,144 

O-IK,  gW 

(Molded)  (3  ea) 

5.67(10) 

2.5(lT)ne 

Resistance(+2. 5^t) 

15P  25,  29 

lK+2^ 

RN25X1001G  (4  ea) 

3.8(10) 

2(l5)ne 

Res  istance  (  -1 . 7/t) 

@  1.3(l3)ne 

2p  178,144 

lK+2^ 

RN2bX1003G  (4  ea) 

2.0(10) 

8.0(l4 )ne 

Res  i  6  tanc  e  ( -1 .  l?t) 

@  l,59(l4)ne 

2p  154,144 

lK+2^t 

RN70A1001F  (3  ea) 


U,l(lO)  2.l(l5)ne  Resistance(+25.1?t) 


2p  185, lUU 


NUCLE/VR  RADIATION  EFFECTS  DESIGN  ALLOV7ABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

RADIATION  1 
EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

-CftTbon  Fill 

, gm-(C) 

- ^ 

cm 

IRC  con' 

|-W 

35OV 

3(10) 

1.4(14) 

Res i stance ( +0 . 2^) 

4p  42 

Type  HTC 

(6  ea) 

(e>  0.5 

@  5.2(l3)nf 

(6  ea) 

?(9) 

Mev) 

2.2(16) 

Res  i  stance  (  -l.Sjt) 

40p  40 

IK+l^t,  IW 

5OOV 

5.4(10) 

(E>  0.5 
Mev  ) 

1.6(16) 

@  1.04(l6)nf 

Resistance( -1.8^) 

4p  4l 

Type  HTF 

It 

(6  ea) 

(6  ea) 

2.6(10) 

(E>  0.5 
Mev  ) 
1.2(lU) 

@  1.09(l6)nf 

Res i stance ( -0 . 5^) 

4p  43 

IK 

(3  ea) 

2.9(10) 

(E>  0.5 
Mev) 

1.7(l5)ne 

@  4.47(l2)nf 

Resistance  Varies 

Ip  367,690 

RF5OKIO2 

lOK 

2.9(10) 

1.7(l5)ne 

from  (+5.6^i)-max.of 
(+6.0k^)  at  shutdown 

Res  i  stance  ( +6 . 69^t) 

Ip  375,690 

RF50K103 

10K+1?6,  2W 

(3  ea) 

1.6(9) 

7.5(13) 

1  failed-opened 

Resistance  (  -2.  Ijt) 

22p  3,31 

DCH,  RN30X1002F  (IPea] 

lOK+1^,  2W 

6.2(10) 

(E>2.9Mev) 

1.4(16) 

ResiEtance(+0. 55t) 

23p  19,48,55 

Type  DCH,  RH30  (12  eaj 

77K+2^, 

1(9) 

(E>2.9Mev) 

T(15) 

@  4.43(9)ergs/giD-(c) 

Re6istance(-1. 3%) 

lOp  126 

Eyf20X.  DCC 

Series 

[E>0. IMev) 

@  7.5(l4)nf 

(3  ea) 

LOOK 

(6  ea) 

2.9(10) 

L.7(l5)ne 

Resistance(  -U.935^) 

Lp  349,690 

rfi*okio4k 

LOOK 

2.9(10) 

L.7(l5)ne 

@  3.19(l4)ne 

Res i E  tance ( +9 . 93%) 

Lp  384,690 

^50K104 

(3  ea) 

_ 

134 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV?ABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

n 

ALLCyABLES 

Resietors,  Carbon  Fll 

lifll 

cm^ 

IRC  con't 

IOOK+216 

RN25X1003G  (4  ea) 

3.9(10) 

2(l5)ne 

Re  6  i  s  tanc  e  ( -1 . 854 ) 

@  1.3U(13)ne 

2p  180,144 

2i*0K, 

5.6(10) 

2.5(l7)ne 

Reel  stance  (+2. 5^4) 

15P  25,29 

Molded  (3  ea) 

250K+15t 

RNT5B2503F  (3  ea) 

U.6(10) 

2.2(15)ne 

Resistance ( +4 . U%) 

@  2.19(l5)ne 

2p  191,  144 

250K+15t,  4-W,  350V 

Type  HTC  (6  ea) 

3.8(9) 

Res i stance ( +4 . 2%) 

®  5.4(l3)nf 

4p  4o 

"  (6  ea) 

3  (10) 

l.l*(l4)nf 

Resistance(+1.7^4) 

4p  42 

250K+156,  iw,  500V 

TjTse  HIT  (6  ea) 

6(9) 

1.6(16) 
(E>  0.5 
Mev) 

Res  i  s  tance  (  -2 . 7^4) 

@  1.34(l6)nf 

4p  4l 

"  (6  ea) 

3.3(10) 

Res 1 s  tance (+2.3^) 

@  1.07(l4)nf 

4p  43 

250K+15t 

RN25X2503F  (2  ea) 

U.2(10) 

2.0(15)ne 

Resistance  (+1.1^4) 

@  8.6(l4)ne 

2p  173,144 

1  Meg+25t 

RN25X1004G  (4  ea) 

3.9(10) 

2(l5)ne 

Resistance( -2.4^) 

@  2.26(l4)ne 

2p  183,  144 

1  Meg+l^t 

RN25X100UF  (2  ea) 

U.2(10) 

2.0(l5)ne 

Resistance(+2. 7^4) 

@  9(l4)ne 

2p  170,  144 

1  Meg+1^^ 

RN75B100UF  (3  ea) 

U.6(10) 

2.2(l5)ne 

Res  i  stance  (  +2 .  5^4) 

@  4. 3l(l4)nej all 
opened  @  9.6(l4)ne 

_ 

2p  190,144 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

1  DESIGN  ALLOWABLES 

aiSIS  FOR 

RADIATION 

COMPONENT 

EFFECTS 

ergs 

1  n 

ALLOWABLES 

Resistors,  Carbon 

REFERENCE  No. 

gm-(C) 

Film 

IRC  con't 

1  Meg,  i-W 

Molded  (3  ea) 

5.6(10) 

2.5(17)ne 

Res  i  stance  ( +7^t) 

15p  25,29 

1  Meg+1%,  ^W,  350V 

7.h(9) 

2.2(16) 

Re6lstance(  -2.85t) 

4p  4o 

Type  HTC  (6  ea) 

[E>.  0.5 

@  6.8(l5)nf 

"  (6  ea) 

Mev ) 

2.6(10) 

1.2(l4)rf 

Res  i  stance  (  +3 . 

4p  42 

1  Meg+15t,  IW,  500V 
Type  RTF  (6  ea) 

5. '+(9) 

1.6(16) 

Resistance( -2.2$) 

4p  4l 

[E>0.5 

@  3.68(l5)nf 

Mev  ) 

"  (6  ea) 

3.3(10) 

1.9(li») 

Resistance(+2.ii5t) 

4p  43 

:e>.  0.5 

®  1.08(llj)nf 

j 

Mev ) 

i 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESIOI  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ULMrAjriiLWT 

tAsIstnrs.  Carton  Piln 

ergs 

gm-(C) 

n 

cm 

iJJLbluIi 

ALLOWABLES 

Mepco,  Inc. 

O.lK+l^t 

RN75B1000F  (3  ea) 

4.6(10) 

Resistance ( +2 . 7%) 

@  9.6(l4)ne 

2p  187,  I**? 

O.lX+ljt,  5W 

Type  C-25P  (12  ea) 

6.2(10) 

Resistance (+2. 4^) 

@  2.52(l0)erg8/gm-(C] 

23p  19,48,57 

IOK+1^6,  2W 

C177BN.  RN80B1002F 
(12  ea) 

1.6(9) 

Resistance(~0.6^) 

22p  3,  33 

"  (12  ea) 

6.2(10) 

1.4(16) 

(E>2.9ftev) 

Resistance (  -0 . 5W 
@  3.54(9)«r'8s/gm-(C) 

23p19,48,57 

lOK+1^,  5W 

Type  C-25P  (12  ea) 

1.6(9) 

7.5(13) 

(E>2.9Mev) 

Resistance ( -0 . 2^) 

22p  3,  31 

"  (12  ea) 

6.2(10) 

1.4(16) 

(E>2.9Mev) 

Re  s  i  s  t  anc  e  ( -K) .  Bjt) 

@  8.63(9)ergs/gn»-(C) 

23p  19,48,57 

lOK+lit,  l/8w(Herm.  Seal; 
LS  5U56-090  (U  ea) 

2(9) 

1.2(16) 

(E>0.1Mev) 

Res  i  stance  ( -0 . 63^6) 

lOp  129 

"  (4  ea) 

1.3(16) 

(E>0.1Mev) 

Re  s  i  B  t  anc  e  ( +1  ^6) 

32p  3,Flg.28 

15K+l?t,  1/8  W,  RN60B 
(Herm.  Sealed)  (U  ea) 

2(9) 

1.2(16) 

(E>0.1Mev) 

Resistaiice(+0.135t) 

lOp  130 

"  (U  ea) 

1.3(l6)nf 

Res  i  stance  ( +1^6) 

32p  3,  Fig. 28 

27K+15t 

RN6^702  (U  ea) 

2.6(10) 

1.4(l5)ne 

Res  i  stance  ( -1 . 591^) 

@  3.28(l4)ne 

2p  I84,l45 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV^ABLES 


MATERIAL  OR 

DESIGN  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

Xtl 

ergs 

n 

ALLOWABLES 

iReslstors.  Carbon  Film 

gm-(C) 

cm 

REFERENCE  No. 

Mepco  con't 

250K+l?t 

RN75fe2503F 

(3  ea) 

4.6(10) 

2.2(l5)ne 

Resistance ( -0 . 8^) 

@  1.05(l5)ne 

2p  191,  145 

1  Meg+l^t 
RNT5B100UF 

(3  ea) 

4.6(10) 

2.2(l5)ne 

Re 6 i s tanc e ( -1 . 9^) 

@  1.62(l5)ne 

2pl45,l89 

Resistance 

Pruducts 

Co. 

10^ 

RFliO  KlOO 

(6  ea) 

2.9(10) 

1.7(l5)ne 

Res i stance ( -1 . 6B%) 

@  1.68(l5)ne 

lp332,690 

10  .n. 

RF50  KlOO 

(3  ea) 

2.9(10) 

l-7(15)ne 

Res  i  stance  ( ■♦■3  •  Sljt) 

@  1.68(l5)ne 

Ip  356,690 

O.UC 

RF50  KlOl 

(3  ea) 

2.9(10) 

1.7(l5)ne 

Re6iBtance(  -9.635^) 

Ip  361,690 

IX 

RF50  K102 

(3  ea) 

2-9(10) 

L.7(l5)ne 

Res  is  tance  ( -1 .  Ijt) 

@  1.59(l5)ne 

LP  369,690 

IX 

RFJ+0  X102 

(6  ea) 

2.9(10) 

L.7(l5)ne 

Res  i  6  tance  (  -4 . 89^6) 

@  6.47(l3)ne 

lp337,690 

lOK 

RFiK)  K103 

(6  ea) 

2.9(10) 

L.7(l5)ne 

Res  i  stance  (  -2 . 27^6) 

@  6.47(l3)ne 

Lp343,690 

138 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
CCMPONENT 

Resistors.  Carbon  Fil 

DESICW  ; 

ergs 

igm-(C) 

ILLOVJABLES 

n 

cm^ 

BASIS  FOR 

DESIGN 

ALIOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

RPC  con't. 

lOK 

RF50K103  (3  ea) 

2.9(10) 

1.7(l5)ne 

Resi6tance(-0.91^) 

@  5.l8(l^)ne^  1  ea 
opened  in-pile 

Ip377,690 

lOOK 

RF50  K104  (3  ea) 

2.9(10) 

1.7{l5)ne 

Resistance (-1.11^) 

@  3.19(l4)ne 

lp386,  690 

Spraffue  Products  Co. 

0 . 1K+I5t,  ^W(Fllmi  stor ) 
RN65B,  Uo6E  lOOOF 
(l  ea) 

6.2(10) 

4.2(16) 

(E>0.1Mev) 

Res  istance  ( +26 . 9?t) 

@  1.29(l5)nf 

12p  178 

IK  (Pyrolytic) 

RN65B,  Type  ii06E 

7.2(9) 

Res  istance  ( +0 . 2^1) 

43p2l2-lit 

1  Meg  (Pyrolytic) 
RN65B,  Tj-pe  V)6e 

7.2(9) 

Resistance ( -0.2^) 

43p  212-14 

I 


I 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALL0V:ABLES 


MATERIAL  OR 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

T 

Resistors.  Carbon  Fil 

ergs 

Bf?n-(C) 

n 

- ^ 

cm 

ALL0!s^ABLES 

REFERENCE  No. 

J. 

T 

Texas  Instruments  Inc 

I 

O.lK+l^t 

RN25X100F  (2  ea) 

2.5(10) 

1.2(l5)ne 

Res  istance  (  +l^t) 

@  1.6l(l4)ne 

2pl66,l44 

ii 

0.931X+1^ 

CD  -i-R 

7.5(9) 

3.7(15) 

(E>  IMev) 

Res  i  s  tance  ( +1 . 84^6) 

@  5(l4)nf 

12p  157 

•  t 

1.3(15) 

(E>2.9Mev) 

Resistance<’«l^t 

Rec.  for  Lov  IVr. 

Nuc.  Environments 

Up  23,25 

!! 

250K+1^6 

RN25X2503F  (2  ea) 

U.2(10) 

2.0(l5)ne 

Resl6tance(  -0.6^) 

@  1.23(l5)ne 

2p  174,144 

II 

1  Meg+15t 

RN25X100ltF  (2  ea) 

4.2(10) 

2.0(l5)ne 

Res  i  stance  ( -55^) 

@  2.63(l3)ne 

2p  171,144 

1 

li 

1: 

1 

Western  EHectric 

!i 

1, 

O.IK 

Epoxy  Tube  (3  ea) 

5.6(10) 

2.5(lT)ne 

Re s i E tance ( +0 . 8^) 

Not  Rec.  for  Nuc.  use 

15P  25,28 

1 

250K 

Epoxy  Tube  (3  ea) 

5.6(10) 

2.5(lT)ne 

Res  i  6  tance  (  +13?^) 

1  failed^ n*t  Rec. 
for  Nuc.  use 

15p  25,28 

i 

1 

1  Meg  ^ 

Epoxy  Tube  (3  ea) 

5.6(10) 

2.5(lT)ne 

Re  E  i  s  tance  ( +38^6) 

Not  Rec.  for  Nuc.  vise 

15p  25,28 

■i  .Meg  2W 

Glass  Enclosed  (3ea) 

5.6(10) 

2.5(l7)ne 

Resistance(+6%) 

1  failed  @  2(l7)ne 

15p  30,31 

5  Meg  2W 

Glass  Enclosed  (3ep) 

5.6(10) 

2.5(17)ne 

Res  i  stance  ( +5lt) 

1  failed  @  9(l6)ne 

15P  30,31 

_ 

l4o 


I 


2.22  RESISTORS 

2.22.5  MTTAL  TLIM 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALL017ABLES 


MATERIAL  OR 
CCMPONENT 


•  <7^  ^  Qi  ■  SmI 


rnlns  Glass  Works 


D.lK+25i,  7W,  Pyrex 
Pore,  RD31P1000G  (6ea) 

b.lK+2^,  2W,  Solid 
Glass  core  RD65PIOOOG 
(6  ea) 


j50V  Pyrex  core,  CGW- 
;-20  (1  ea) 


.5K+2%,  2W,  Solid 
Jlass  core,  RD65P1502G 

iOK+256,  2W,  Solid 

Hass  core,  RD65P3002G 


RD3ir3832 


(3  ea) 


l*OK+25t,  2W,  Solid 
Glass  core,  RD65P^*003G 
(6  ea) 

8&C+2^,  7W,  Pyrex  cor« 
RD31P6812G  (6  ea) 


DESICSJ  ALLOV.’ABLES 

BASIS  FOR 

ergs 

n 

DribXGN 

gm-(C) 

- 2“ 

cm 

ALLOWABLES 

3.0(10) 

M(l3)nf 

Res  i  stance  ( +2 . 8j6) 

@  2.69(l3)nf 

^-5(10) 

2.3(l5)ne 

Resistance  (+8. 5^^) 

@  1.36(15)ne 

&.2(10) 

*.2(16) 

(E>  1  Mev) 

Resistance(-0.6U^) 

@  1.65(l6)nf 

L.5(l6) 

(E>2.9Mev) 

Res  i  s  tance  (  -0 . 64jJ) 

@  5.9(15)nf,  Rec.  for 
Low  Pwr.  Nuc.  use 

U.5(10) 

2.3(l5)ne 

Res  is  tance  ( +7?t) 

&  1.58(l5)ne 

l+.2(10) 

5.l(l3)nf 

Res i stance ( +22 . 99^) 

&  5.3{l3)nf 

L.2(10) 

?.0(15)ne 

Resistance(+U.U^) 

@  l.U8(l5)ne 

3.0(10) 

2.1(13)nf 

Res i stance ( +2.1^) 

@  2.77(l3)nf 

3.0(10) 

3.1(13)nf 

Resistance( +26 . U%) 

@  2.8(l3)nf 

3(10) 

3.l(l3)nf 

Re  s  i  s  tanc  e  ( +2 . 91^) 

@  2.0l(l3)nf 

RADIATION 

EFFECTS 

REFERENCE  No. 


inJCLEAR  Ri\riATION  EFFECTS  EEPIGM  ALLO’SABLES 


M/vTERIAL  OR 
COMPONENT 

DESIGN  ALLOV.YiBLES 

BASIS  FOR 
r-ESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

Resistors,  Metal  Film 

gm-(C) 

cm 

Daystrom,  Inc. 

lK+1^,  g-W,  Vamistor 
lOOlF  ,1^852  (lea) 

International  Resist! 

5.2(10) 

nee  Co. 

4.2(16) 

(E>  IMev) 

Resistance ( +2 . 26^) 

@  1.29(l5)nf 

12p  179 

O.IK, 

Molded  (3  ea) 

5.6(10) 

2.5(l7)ne 

ResiEtance(+l.  5/t) 

©  9(l6)ne 

15p  26,  23 

2.5K+15f-  (glass) 

XLT  Series  (4  ea) 

1(9) 

7(15) 

(E>0.1Mev) 

ResiEtance(-0.285fc) 

lOp  126 

2.87K+15J,  O.IW 

RN55>  EM  Series  (Uea, 

1(9) 

7(15) 

(B>0.1Mev) 

Res  i  stance  (  +0 . 285^) 

@  6(12)nf 

lOp  126 

9.75K+1*,  1/8W 

Herm.  Sealed -Glass 
Type  XLT  (k  ea) 

1(9) 

6.8(15) 

(EtO.IMcv) 

Resi6tance(0.0^t) 

lOp  128 

10K+15t,  ^-W 

CEB  Series  (4  ea) 

1(9) 

7(15) 

(BX).lMcv) 

ReBiEtance(  -0.285() 

G  6(12)nf 

lOp  126 

lOK+1^,  l/8W,  MEA 
Series,  PJ»60C1002F 
(4  ea) 

1(9) 

1.8(15) 

(E?0.1Mev) 

Resistance(+0. 02^) 

@  1.5(l3)nf 

lOp  127 

67K+1^ 

RII6OC  (2  ea) 

1(9) 

7(15) 

(E>0.1Mev) 

ReEistance(0.  Ojt) 

lOp  126 

8lK+l?t 

RN60C  (2  ea) 

1(9) 

7(15) 

(E>0.1Mev) 

ResiEtance(  -0.125t) 

©  6(l2)nf 

lOp  126 

1U2 


[ 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 


lie 


ergs 

sistors.  Metal  Fila  sn-(c) 


DESI®  ALLOWABLES 


n 


BASIS  FOR 

DESIOT 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


IRC  con't 

2ltOK,  |W 

Molded  (3  ea) 

5.7(10) 

2.5(17)ne 

Re  s  i  s  tanc  e  ( -K) .  9^ ) 

15P  26,  23 

1  Meg  ^ 

Molded  (3  ea ) 

5.7(10) 

2.5(l7)ne 

Res  i  stance  ( +1 . 35^) 

@  7(l6)ne 

15P  23,  26 

Ke?/  Resistor  Corp 

O.lK+156 

Tyi>e*”A-66  (1  ea) 

7.2(10) 

4.8(16) 
(E>  IMev) 

Resistance  (  +27 .  Ijt) 

@  9.5l^(13)nf“ 

12p  in 

30K+1^,  ®  125°C 

350y,  EM-70, MIL-R- 
10509-C  (1  ea) 

7.2(10) 

4.8(16) 
(E>  IJfev) 

Res  istance  ( -  5 . 85^) 

12p  175 

100K+l?t,  ^  @  I25OC 
350V,EM-TO,  Mil-R- 
10509-C  (1  ea) 

7.2(10) 

4.8(16) 

(E  >  IMbt) 

Re  s  i  B  tanc  e  ( -2 . 06?t) 

@  2.67(l6)nf 

12p  174 

lOOK+1^ 

A-66.  Mil-R-10509-C 
(lea) 

7.2(10) 

4.8(16) 

(E  >  IMev) 

Resistance ( -1 . 6%) 

@  2.67(l6)nf 

12p  176 

3 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


l-IATERIAL  OR 
COMPONENT 

Resistors,  Metal  Film 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

em-(C) 

n 

- ^ 

cm 

ALLCT-TABLES 

REFERENCE  No. 

Litton  S^'stems,  Inc. 

0.26k,  Deposited 

Ni  Cr  film  on  BaTiO^ 
vafer  (l  ea)  ^ 

7.5(10) 

+.0(16) 

(E>lMev) 

Resistance  (-t^.  86)() 

0  1.9(l5)nf 

12p  167 

0.28k,  Deposited  NiCr 
fJlm  on  BaTl  0^  vafer 
(1  ea) 

7.5(10) 

lt.0(l6) 

(E>  IMev) 

Re  6  i  6  tanc  e  ( +8 . 66)6) 

12p  166 

Ohmite  Manufacturinp; 

Co. 

o.iK+156, 

Type  771-2  (12  ea) 

5.2(10) 

L.4(16) 

(E>2.9Mev) 

Res  istance  (  +2 . 1)6) 

@  1. 81(10 )erg8/gm-(C) 

23P  19,  48 

lOK+1^,  iw 

T;pe  771-2  (12  ea) 

6.2(10) 

L.4(l6) 

(E>2.9Mev) 

Res  istance  ( -K) .  4)6) 

@  4.87(9) ergs/gm-(C) 

23p  19,  48 

r 

Pyrofllm  Resistor  Co. 

Inc. 

125K+1^ 

■Dpe  PT-60  (1  ea) 

7.5(10) 

4.0(16) 

(E  > IMev) 

Res  istance  (+2. 65)6) 

©  1.19(l5)nf 

12p  168 

2  15K+l^t 

T:pe  PT-00  (1  ea) 

6.3(101 

>♦.3(16) 

(E>  IMev) 

Res  istance (  -6 . 42)6) 

@  1.3(l6)nf 

L2p  169 

144 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOT^ABLES 


MATERIAL  OR 
COMPONENT 

DESI®  ALLOWABLES 

BfiSTS  FOR 

DESI® 

ALLOl^ABLES 

RADIATION 

EFFECTS 

ergs 

n 

0n-(C) 

cm^ 

REFERENCE  No. 

IK 

RN65C,  Type  419E 

r.i(9) 

Rec  1  stance  ( -*0 .  Ijt) 

43p  214 

750K 

RN65C,  Tyi>e  4l9E 

7.1(9) 

Res Istance ( -0 . 05^) 

43p  214 

Varo  Manufacturing 
Co.,  Inc. 

O.65K,  Experimental 
Microcircuit,  NlCr 
Film,  No.  235 

1.9(10) 

1.5(15) 

(E>2.9Mev) 

Resl6tance(0.05t) 

Rec.  for  use  in  Nuc. 
Environment 

1^  153 

Up  25 

Weston  Instruments 

O.25K  |w 

Vamlstor  Type  (3  ea) 

5.7(10) 

Re  6 1 B  tanc  e  ( +200^1) 

2  failed. (not  Rec.  foj 
Nuc.  use  ) 

15p  25,27 

lOK+1^,  ^W,  9800Serl« 
RN  5bC1002F  (4  ea) 

s  1(9) 

Resistance  <  <  1^ 

lOp  127 

2UOK,  ^ 

Veunistor  Type  (3  ea' 

Opened  after  a  dose 
2.7(l6)ne,  (not  Rec. 
for  Nuc.  use) 

15P  25,  27 

1  Meg,  ^ 

Vamlstor  Type  (3  ea) 

5.7(10) 

2.5(l7)ne 

Opened  after  dose  of 
2.7(l6)ne  (Hot  Rec. 
for  Hue.  use) 

11 

145 


P  ^2 


RESISTORS 


2.22.6  TEMPERATURE  SENSITIVE 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV7ABLES 


2.22 


RESISTORS 


2.22.7  WIREWOUND 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV7ABLES 


MATERIAL  OR 
COMPONENT 

Hesifitore.  Wire  vound 

DESI0I  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

gtn-(C) 

n 

cm 

ALLOWABLES 

Cinema  EriRineerln^ 

IK+ljt  @  25°C,  @ 

300y,Mil-R.-93,  Mll- 
r.9444j  CE  276E  (lea) 

6.3(10) 

4.3(10) 

;e  >  IMev) 

Resistance(+2. 3456) 

©  1.29(l5)nf 

12p  171 

IK+l^t  @2500,  IW  @ 
600y,CE  278E  (1  ea) 

6.3(10) 

^•3(16) 

(E  >  IMev) 

Res i stance ( +1 . 

@  2.4(l6)nf 

12p  173 

lOOK+156  ®  25°C,  IW 
@  600Vj  CE  278E  (lea) 

6.3(10) 

^.3(16) 

(E>  IMev) 

Re  B  i  s  tanc  e  ( -1 . 74^6) 

@  3.35(l6)nf 

12l>  172 

lOOK+l^t  @  25°C,  kw 
@  300VyCE  276E  (lea) 

6.3(10) 

‘*.3(16) 

(E>  IMev) 

Res  i  steuice  ( -2 . 29^t) 

@  2.4(l6)nf 

12p  170 

Dale  Products,  Inc. 

lK+1?^,  IW,  Precision 
RS-LA  (4  ea) 

2(9) 

1.2(16) 

(E>0.1Mev) 

Re  s  i  s  tance  ( -0 . 9^t ) 

©  6(l5)nf 

lOp  129 

IK+l^,  IWj  Precision 
Pover^  ARS-2  (2  ea) 

2(9) 

1.2(16) 

(E>0.1Mev) 

Re6istance(«  l?t) 

lOp  129 

147 


MUCLE/tR  RADIATION  EFFECTS  DESIGN  ALLa/ABLES 


MATERIAL  OR 

DESIOI  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

■pVVECTS 

ResifitorB.  Wire  vound 

ergs 

jjn-(C) 

n 

cm^‘ 

ALLO'-fABLES 

REFERENCE  No. 

Daven  Co . ,  Hie 

0.1K-K).5/o 

Mil-R-S''f^i4(USAF) 

AFRT  19E10OR0D  (3ea) 

4.5(10) 

5.4(l3)nf 

Resistance  ( -*0 . 4%) 
l(12)nf 

2i>  129,117 

Mil-R-oli4U(USAF) 
AFRT19J100R0D  (3ea) 

i+.5(l0) 

5.4(l3)nf 

Re  s  i  6 1  anc  e  ( -0 . 7)t) 

©  2.3(l3)nf 

Blistered 

2p  117,  135 

lOK+l^t 

AFRT  Series  (Uea) 

2(9) 

1.2(16) 

(E>0.1Mev) 

Resi6tance( -O.OTW 
@  6(l5)nf 

lOp  129 

32p  3,  Pig.  28 

360K-K).5^ 

Mil-R-9^1+4(uaAF) 

AFRT  J9J36002D  (3  ea) 

4.2(10) 

D.l(l3)nf 

Res  i  stance  ( -0.3)6) 
e  5.2(l2)nf 

2p  136,117 

360K-K).5?t 

Mll-K-9444(uaAF) 

AFRT  19E  36002D  (3ea) 

4.5(10) 

6.4(l3)nf 

ResiEtance(-0,3)6) 

©  3.1(l3)nf 

2p  131,117 

1  Mep+0.5/^ 

Mil-R-944ii  (USAF) 
AFRT  19E  10003D  (3ea; 

3.4(10) 

3.6(l3)nf 

Resistance  (-2.2)6) 

©  1.3  (13)nf 

2p  133,117 

1  Me6+ 

mi-R-944U  (USAF) 
AFRT  19 J  10003D  (3ea; 

2.5(10) 

3.6(l3)nf 

Res  i  stance  ( +3 . 5)6) 

@  T.4(ll)nf 

2p  139,117 

1U8 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

Resistors.  Wire  vound 

Sm-(C) 

cm 

International  Resists 

ice  Co. 

20^ 

RW33G20R0  (4  ea) 

3(10) 

2.2(l5)ne 

Res  i  s  tance  ( +9  •  ^15^) 

@  1.9(l4)nf 

Ip  410,  691 

20A.+556,1W 

Mil-R-26C 

RW31G20R0  (4  ea) 

2.6(10) 

7.4(l4)ne 

Res i s  tance ( +12 . 3%) 

@  4.1(13)ne 

2p  53,49 

O.IK 

RB17AE100ROF  (4  ea] 

3-1(10) 

1.2(l5)ne 

Resistance(+0. 49^) 

@  9.6(l3)ne,  1  ea. 
operated  intermitteni 

Ip  271,  689 

0.2K 

RW31G201  (4  ea) 

2.4(10) 

9.3(l4)ne 

Res  i  s  tance  (  +0 . 3?() 

@  8,8(l4)ne 

IP  394,691 

0.2K+5^,  18W 
Mil-R-26C 

RW33G201  (4  ea) 

4.1(10) 

2.4(15)ne 

Res i s  tance ( +1 . 1^) 

©  1.54(l5)ne 

2p  74,  49 

0.2K+5%,  38W 
Mil-R-26C 

RW35G201  (4  ea) 

4.1(10) 

2.6(15)ne 

Res  is  tance  (-0.256) 

©  1.26(l5)ne 

2p  94,  50 

0.314K5).05^ 

7.5(9) 

3-7(15) 

Res  i  stance  ( -O.O656) 

L2p  160 

Type  208a 

(E>  IMev) 

©  2.63(13)0!’,  Rec.  for 
Low  Pwr.  Nuc.  environ¬ 
ment 

lip  25,  23 

IK 

RB  17AE10000F(4  ea) 

1.8(10) 

6.5(l4)ne 

Res  is  tance  (+0.1956) 

@  3-5(l4)ne,  1  opened 
in-pile 

Ip  280,  689 

lK+1^,  3W  @  25°C 
Mil-R-26C 

P/N  AS2  (1  ea) 

6.3(10) 

’  .^(16) 
i.>  IMev ) 

Res  i  stance  ( +7 . 356) 

©  8.58(l3)nf 

12p  l64 
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NUCLEA.R  RADIATION  EFFECTS  DESaGII  ALIXJV’ABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

crcs 

n 

ALLO'n'ABLKS 

Resistors,  Wire  vounc 

Sm-(C) 

- p_ 

cm' 

REFERENCE  No . 

IRC  con't 

2K+5^,  38W 

Mil-R-26C 

RW35G202  (J+  ea) 

3-3(10) 

1.5(l5)ne 

Res  i  s  tance  (  -0 . 256) 
a  l.l(l3)ne 

2p  100,50 

2K 

RW33G202  (4  ea) 

3(10) 

2.2(l5)ne 

Res  is  tance  (+l^t) 
ts'  1.24(l5)ne 

Ip  417,  691 

2K 

RW31G202  (1*  ea) 

2.i+(l0) 

9.3(l*»)ne 

Res  is  tance  (+0.6556) 

@  5-9(l4)ne 

Ip  403,  691 

lOK+1^,  2W 

WW-2-J,  R£16AE1002F 
(12  ea) 

1-6(9) 

7.5(13) 

(E>2.9Mev) 

Res  is  tance  (0.056) 

22p  3,33 

(12  ea) 

6.2(10) 

1.U(16) 

(E>2.9Mev 

Res  is  tance  ( +0 . 356) 

&  1. 35(10 )erBs/gm-(C) 

23p  19, '♦8, 59 

lOK+51^,  2W 

RW3PG1002,  Type  2C 
(12  ea) 

1.6(9) 

7.5(13) 

(E>2.9Mev) 

Recistance(0.0  56) 

22p  3,  33 

"  (12  ea) 

6.2(10) 

1.4(16) 

(E>2.9Mev) 

Res  is  tance  (+0.656) 

®  2. 3(lO)ergs/Gni- (C  ) 

23p  19,48,59 

20K+5?(,  low,  Mil-R- 
26c,  RW31G203  (l*ea) 

3-^(l0) 

1.9(15)ne 

Res  is  tance  (0.056) 

2p  58,  49 

20K+5^,  38W 

Mil-R-26C 

RW35G203  (1*  ea) 

3-8(10) 

2.4(l5)ne 

Res  i  s  tance  (  +0 . 7/6) 

@  2(l5)ne 

2p  49,  102 

20K 

RW33G203  (1*  ea) 

2.9(10) 

2.2(l5)ne 

Res  i s  tance  (  -2 .  556) 

(i  1.8(l4)ne 

Ip  424,  691 

lOOK 

RB1TAE10002F  (1(  ea) 

2.9(10) 

9.6(l4)ne 

ReEistance(  -0.9956) 

(3  9-6(13)ne 

Ip  291,  689 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLC«'.'ABLES 

BASIS  FOR 

DESIGN 

ALLOV'ABLES 

RADIATION 

EFFECTS 

ergs 

1  ri 

Resistors,  Wire  wounc 

Rm-(C) 

mam 

REFERENCE  No. 

Kelvin  Electric  Co. 

lOK+1^^,  O.IW 

EP  Series  (h  ea) 

1(9) 

5.8(15) 

(E>0.1Mev) 

Resistance<<  Ijt 

lOp  127,  4 

36  Fig.  32 

11K+15&, 

EP  Series  (L  ea) 

1(9) 

5.8(15)  , 

;E>0.1Mev) 

Resistance(-5.17^) 

@  1.5(l3)nf 

lOp  127,  4 

Mepco,  Inc. 

O.IK 

RB17AE100R0F  (L  ea) 

3.1(10) 

Res  i  stance  (  +3 . 

&  8.8(l4)ne 

Ip  271,  689 

0.1K+^,  Kil-R-9i^^L 
AFRTiUElOOROD  (6  ea) 

3.9(10) 

Res is  tance ( +0 . 62^) 

@  1.5(l3)ne 

2p  119,  117 

O.lK^it,  Mil-R-9i*i*‘^ 
AFRTitjlOOROD  (6  ea) 

3.9(10) 

Resistance ( +0 . 6%) 

@  3. 8(l3)ne, Blistered 

2p  122,  117 

O.lKj^,  Mil -R -941+4 
AFRT14K100R0D  (3  ea) 

>*.5(10) 

5.4(l3)ne 

Res  is  tance  ( -K) .  3?t) 

@  l(l3)ne,  Blistered 

2p  117,  125 

O.IK;^,  Mil-R-9444 
AFRT19E100R0D  (3  ea) 

4.5(10) 

5.4(l3)ne 

Resistance ( +0 . 4%) 

@  l(l3)ne,  Blistered 

2pll7,  128 

o.iKj;^,  Mil-R-9444 

AFRTI9JIOOROD  (3  ea) 

Res i stance (+0. 5?t) 

@  2.26(l3)n^listered 

2p  117,  134 

IK 

PiBlTAElOOOF  (4  ea) 

Res i E tance (+0. 79^) 

®  3.7(l4)ne 

Ip  280,  689 

lOOK 

RB1TAE10002F  (4  ea) 

-.5(10) 

?.6(l4)ne 

Res  is  tance  ( -0.89?t) 

@  4.l(l4)ne 

Ip  291,  689 

151 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOV.’ABLES 

MSIS  FOR 

DESIGN 

ALLOWABLES 

RADI/.TIOM 

EFFECTS 

cr{^c 

n 

Resistors.  Wire  wounc 

gm-Cc) 

— 

cm '■ 

riEthHENCh  No. 

Mepco  con't 

360K+^,  Mil-R-9^4ii 
AFRTi4E36002D  (6  ea) 

Resistance  (+0.9^6) 
4.4(l2)ne,Blistere( 

2p  120,117 

360K^,  Mil -R -9444 
AFRTI4J36002D  (6  ea, 

4.6(10) 

6.6(l3)ne 

RsEistance(-0.456) 

©  1.2(l3)ne,  one 
opened 

2p  117,  123 

360K^-^,  Mil-R-9444 
AFRT14K  36002D  (Lea] 

4.5(10) 

6.4(l3)ne 

ReEistance( -1 . 1^) 

©  2.26(l3)ne 

2p  117,  126 

360K+^^,  Mil-R-9444 
AFRT19E36002D  (3  ea] 

4.5(10) 

6.4(l3)ne 

ReEiEtance(  -0. 3/t) 

©  3(l3)ne 

2p  117,  130 

360K;^-^,  Mil-R-9444 
AFRT19J36002D  (3  ea] 

4.2(10) 

6.l(13)ne 

Resistance( -0.4^) 

©  5.2(l2)ne 

2p  117,137 

1  Mil-R-9444 

AFRTlirEa0003D  (5  ea] 

3.9(10) 

5.T(l3)ne 

ReEiEtance(+3.2^) 

&  4.7(l3)ne 

2p  117,  121 

1  Mil-R-9444 

AFRTlCjl0003D  (6  ea) 

4.5(10) 

6.4(l3)ne 

ResiEtance(-l.  55() 

©  3.l(l3)ne 

2p  117,  124 

1  Meg;!^,  Mil-R-9444 

AFRTlto0003D  (6  ea) 

4.6(10) 

6.6(l3)ne 

ResiEtance(  -3.65^) 

©  3(l3)ne^  1  opened 
in-pile 

2p  117,  127 

1  Meg;^^,  Mil-R-9444 
AFRTI9EIOOO3D  (3  ea) 

3-4(10) 

3.6(l3)ne 

Res i E  tance ( -2^) 

©  1.3(l3)ne 

2p  117,  132 

1  MegH^t,  Mil-R-9444 

AFRT1%'C003D  (3  ea) 

2.5(10) 

3.6(l3)ne 

Res i stance  ( +3  -  5/t) 

©  l.l(l2)ne 

2p  117,  138 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLa-JABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

Resistors,  Wire  vounc 

gm-(C) 

y 

cm 

Ohmite  Manufacturing 

Co. 

20r. 

RW33G20R0  (U  ea) 

3(10) 

2.3(l5)ne 

Res i s  tance ( +15 . 06^) 

@  1.27(l5)ne 

Ip  470,  691 

20/u+5^,  38w 

RW35G200  (3  ea) 

3.7(10) 

2.3(15)ne 

Resistance(-3. 4^t) 

-g  1.7(l5)ne 

2p  89,  49 

20n.+5  5t,  Mil-R-26C 
RW31G20R0  (U  ea) 

2.6(10) 

7.4(l4)ne 

Resistance ( +6 . 9^) 

@  4.l(l3)ne 

2p  9^,  49 

0.2K 

RV;31G201  (U  ea) 

2.4(10) 

9.3(l't)ne 

Res  i  stance  (  +2 . 34  jt) 

@  5.^(l^)ne_,l  opened 
in-pile 

ip  39*^,  691 

0.2K+55t,  18W 
Mil-R-26C^  RW33G201 
(i*  ea) 

4.1(10) 

2.4(l5)ne 

Re  s  i  s  tance  (  +4 . 45t) 

@  1.54(15)ne 

2p  75,  ^9 

0.2K+5?t,  26W,Mil-R- 
26C^RW33V201  (U  ea) 

4.1(10) 

2.4(l5)ne 

Re  s  i  s  tance  ( +1 . 25^) 

@  1.3(l5)ne 

2p  82,  49 

0.2K+5^  38W 
Mil-R-26Cj  RW35G201 
(1+  ea) 

4.1(10) 

2.6(l5)ne 

Res  i  B  tanc  e  ( +1 . 2‘f>) 

@  1.57(l5)ne 

2p  50,  92 

0.2K+5?t,  l^W 

Mil -R -260^  RW31V201 
(3  ea) 

4.4(10) 

2.3(l5)ne 

Res  i  stance  ( +2 . 9i>) 

@  1.92(l5)ne 

2p  49,  63 

0.2K+55t,  55W 
Mil-R-26Cj  RW35V201 
(3  ea) 

3.5(10) 

1.4  (I5)ne 

Res  is  tance  (+4. 156) 

@  1.3(l5)ne 

2p  50,106 

2K 

RW33G202  (U  ea) 

3(10) 

2.2(l5)ne 

ReEiEtance(+l.  5?t) 

Ip  417,  691 

2K 

RW31G202  (U  ea) 

2.4(10) 

9.3(l'*)ne 

Res  i  stance  (+1.75?t) 

©  5.4(l4)ne^  2 
opened  in-pile 

Ip  403,  691 

I 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOV.’ABLES 

B/\SIS  FOR 

RADI/.TION 

EFFECTS 

REFERENCE  No. 

ercc 

ALLO'-.’ABLES 

Resistors.  Wire  wounc 

Sn-(C) 

Ohmite  con't 

2K+5?i, 

Mil -R -26c,  RW31V202 
(U  ea) 

3.5(10) 

1.8(l5)ne 

ReslEtance(+l^) 

<g  1.3(l5)ne 

2p  49,  68 

2K+5?t,  26W 

Mil -R-26Cj  RW33V202 
(4  ea) 

4.1(10) 

2.4(l5)ne 

Res  i  stance  (+1  <f,) 

@  1.53(l5)ne 

2p  49,  85 

2K+55i,  38W 

Mil -R -26c,  RV;35G202 
(4  ea) 

3.3(10) 

1.5(l5)ne 

Re  6  i  E  tance  ( +1 . 1 5?t) 

@  8.9(l4)ne 

2p  96,  50 

2K+5^  55W 
M11-R-26C^RW35V202 
(2  ea) 

3.1(10) 

1.9(l5)ne 

Resistance (+4.1%) 

©  9.6(l4)ne 

2p  110,  49 

6K+1^,  IW  Size  A 
Mil-R-26C,  Mil-R- 
10509-C,Tj'pe  88A 
(1  ea) 

6.3(10) 

4.3(16) 

(E>  IMev) 

Resistance ( -0 . 78%) 
Recommended  for  lov 
Pwr.  Nuc.  Environ¬ 
ment 

12p  162 
lip  25 

20K 

RW33G203  (4  -a) 

2.9(10) 

2.2(l5)ne 

Resistance ( +0 . 9%) 

Ip  424,  691 

?OK+5?t,  55W, 
l-lil-R-26C,  RW35V203 
(4  ea) 

3.8(10) 

2.4(l5)ne 

Resistance(+3.8%) 

©  l(l5)ne 

2p  112,  50 

Resistors,  Inc. 

2K+55b,  l4w 
mi  -R-26C,  RW31V202 
(4  ea) 

3.2(10) 

_ 

1.6(l5)ne 

ReEiEtance( -1%) 
©l.l(l4)ne 

2p  TO,  49 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLO’.?ABLES 


MATERIAL  OR 

DESIOI  ALLOVJABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ULMxVWrIWT 

Resistors,  Wire  wound 

ergs 

gm-(C) 

n 

- 2" 

cm 

UiLblUI’l 

ALLOWABLES 

REFERENCE  No. 

Sprague  Products  Co. 

20^  +5?t,  1**  W  ,  Mll- 
R-26C,  RW31Y20R0  (U  ea] 

*4.8(10) 

3.l(l5)ne 

Resistance  (+0.3)6) 

@  2.*4(l*4)ne 

2  p.  I49,  61 

20.rt.  +5^^,  26W,  Mil-R- 
26  C^]?W  33V20R0  (1*  ea! 

3.1(10) 

1.9(15 )ne 

Resistance  (-2.0)6) 

@  8.6(l*4)ne 

2  p.  *49,  79 

20.n,  +5^,  55W,  Mll-R- 
26C^ RW35V20R0  (U  ea) 

*+(10) 

3.l(l5)ne 

Resistance  (+3.9)6) 

@  7.2(l*4)ne 

2  p.  50,  105 

O.IX 

RB17AE100R0F  (J4  ea) 

3.1(10) 

1.2  (15) 

ne 

Resistance  (+3.31)6) 

@  9.3(l*4)ne 

1  p,  272,  689 

0.2K  +55t,  1**W,  Mil- 
R-26c7RW31V201  (l4  ea) 

*4. *4(10) 

2.3(l5)ne 

Resistance  (+0.25)6) 

@  1. 5(1*4  )ne 

2  p.  49,  64 

IK 

RB17AE10000F  (U  ea) 

1.8(10) 

6.5(l*4)ne 

Resistance  (+1.50)6) 

@  5.5(l*4)ne 

1  p.  280,  689 

2K  2^$,  M11-R-26C 
Koolohm^ 10  NIT  (l  ea) 

6.3(10) 

*4.3(16) 
(E>1  Mev) 

Resistance  (+*4.1)6) 

@  8.6(l3)nf 

12  p.  163 
lip.  25 

2K  ll+W,  Mil-R- 

26C_,  RW31V202  (I  ea) 

3.5(10) 

1.8(l5)ne 

Resistance  (-0.7)6) 

@  2.8(l*4)ne 

2  p.  69,  49 

2K  +5^,  55W,  Mil-R- 
26c,  RW35V20?  (2  ea) 

3.1(10) 

1.9(15 )ne 

Resistance  (+0.3)6) 

2  p.  49,  168 

20K  +5^,  ICW,  Mil-R- 
26c,  RW31G203  (>*  ea) 

3. *4(10) 

1.8(l5)ne 

Resistance  (+0.1)6) 

@  8.2(l*4)ne 

2  p.  49,  56 

20K  +5^,  l^W,  Mil-R- 
26c,1w31V203  (3  ea) 

*4. *4(10) 

2.3(15 )ne 

Resistance  (-2.3)6) 

@  *4.6(ll)ne 

2  p.  72,  49 

20K  +5)6,  26W,  Mil-R- 
26c,  RW33V203  (**  ea) 

3.1(10) 

1.9(15 )ne 

Resistance  (+0.2)6) 

@  8.3(l*4)ne 

2  p.  88,  49 

LOCK 

RBi7AE10002F  (I  ea) 

2.5(10) 

9.6(114  )ne 

Re  6  i  stance  ( -0 . 99)6  ) 

@  1.  *46(1*4  )ne 

1  p.  291,  689 

2K  i5)6,  26w,  Mil-R- 
26c,  RW33V202  (lea) 

*4.1(10) 

2.*4(15  )ne 

Resistance  (+0.*4)6) 

©  3(1*4  )ne 

2  p.  49,  84 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
CCMPONENT 

Resistors,  Wire  wound 


DESIGN  ALLOV.’ABLES 


n 


gm-(C) 


BASIS  FOR 

DESIGN 

ALLO’a'ABLES 


RAD^TION 

EFFECTS 


ruohm  Products  Div. 


odel  En 


20  ju 

RW33G20R0  (I4  ea) 

low,  Mil-R- 
26C;  RW31G20R0  (L  ea) 

20jV.j^5^,  iLW,  Mll-R- 
26C^ RW31V20R0  (L  ea) 

20jv.+5^.  26w,  Mil-R- 
26c, RW33V20R0 

20^_^5^j,  38W,  Mll-R- 
26C^RW35G200  (I)  oa) 

:’0^+5^,  55W,  Kil-R- 
26c,  RW3!)V20R0  (I4  ea) 

C.2K 

RW31G201  ())  ea) 

lo.2K  l^'W,  Mil-R- 

26c,  RW31V201  (ij  ea) 

0.2K  ^31^,  lav,  Mil-R- 
'■>60,^^330201  (it  en) 

0.2K  ^3^=,  26W,  Mil-R- 
26c,  RW33V201  (it  ea) 

f'.2K  ^3%,  33W,  Mil-R- 
26c,  RW35G201  (it  ea) 

0.2K  ^3%,  55W,  Mil-R- 
'’6C_,  R'W35V201  (3  ca) 


31G202  (it  ea) 


3(10) 
.6(10) 
-3(10)  u 
3.1(10)  k 
3.7(10) 
't(lO) 
.'*(10) 
it.it(io) 
i*.l(l0) 
it. 1(10) 
it. 1(10) 
3.5(10) 
.-.it(io) 


.3(l5)ne 

.it(lit)ne 

.1(15  )ne 

.9(l5)ne 

.2(15  )ne 
1(15  )r)c 
).  3(1'*  )nc 
i  .3(15 )ne 
r'.it(l5  )ne 
2.4(15  )ne 


Resistance(-it .  925^) 
@  1.7(l't)ne 

Resistance 
®  1.0it(l3)ne 

Resistance  (+0.3/t) 
®  1.25(15  )ne 

Resistance  (+8.'(^) 
®  1.3(l5)ne 

Resistance  {-0.3$) 
@  2(lit)ne 

Resistance  (  +  5.3)^) 
immediately 

Resistance  (+1.66$) 
®  3.  it(lit  )ne 

Resistance  (+2.2^) 
®  1.9(l5)ne 

Resistance  (+4.3/^) 
®  1.5(15 )nc 

Resistance  (tl.3/^) 


33G202  (4  ea) 


®  1.  3(15 )ne 

2.6(15  )ne 

Resi.stance  (+0.4^) 

®  1.6(l4)ne 

1.4(15  )nc 

Resistance  (-1.1^) 

7'  l.l(]5)ne 

9.3(l4)nc 

Resistance  (t-l.73^) 
@  5.9(l4)ne^  2 

snorted  in-pile 

2.2(15  )r.e 

Resistance  (-*-1.6^6) 

®  1.45(15  )r,e 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLCC.-.’ABLES 


MATERIAL  OR 
COMPONENT 

Resistors,  Wire  wound 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

6!m-(C) 

2 

cm 

Truohm  Cont'd 

2K  +5^t,  IhV,  Mil-R- 
26c7RW31V202  (1*  ea) 

3.2(10) 

1.6(15  )ne 

Resistance  (+1.216) 

@  l.l(l5)ne 

2  p.  67,  49 

2K  +516,  26W,  Mil-R- 
26c7rW33V202  (U  ea) 

it. 1(10) 

2.1t(l5)ne 

Resistance  (+ll6) 

@  1.5(l5)ne 

2  p.  83,  49 

2K  +516,  38w,  Mil-R- 
26c7RW35G202  (i*  ea) 

3.3(10) 

l.it(l5)ne 

Resistance  (+1.2l)@ 
1(15 )ne 

2  p.  50,  98 

2K  +516,  55W,  Mll-R- 
26C^RW35V202  (2  ea) 

3.1(10) 

1.9(l5)ne 

Resistance  (+3.6)6) 

@  9.it(li*)ne 

2  p.  49,  109 

20K 

RW33G203  (It  ea) 

2.9(10) 

2.2(15 )ne 

Resistance  (+1.916) 

1  p.  424,  691 

20K  +516,  ICW,  Mil-R. 
26CjRW31G203  (It  ea) 

3.it(io) 

1.9(15 )ne 

Resistance  (+3.716) 

@  1.7(l5)ne 

2  p.  49,  57 

20K  +516,  lltW,  Mil-R. 
26C^“RW31V203  (it  ea) 

it.it(lO) 

2.3(15  )ne 

Resistance  (+itl6) 

@  1. 95(15  )ne 

2p.  71,  49 

20K  +516,  26W,  Mil-R. 
260^^337203  (U  ea) 

3.1(10) 

1.9(15 )ne 

Resistance  (+it.59l6) 

2  p.  87,  49 

20K  +516,  55W,  Mil-R- 
26C^  RW35V203  (it  ea) 

3.8(10) 

2.1t(l5)ne 

Resistance  (  +  3-316) 

@  2(15 )ne 

2  p.  113,  50 

Ultronix,  Inc. 

IK  +0.116 

102P-AA 

3.9(8) 

Resistance  (-1.5216) 

@  it.7(6)ergs/gm-(C) 

12p.  147 

IK  +0.116 

10^-AA 

1.8(10) 

l.'t(l5) 

(E>2.9 

Mev) 

_ 

Resistance  (0.0)6) 

12  p.  151 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 

DESIGN  ALLOV.'ABLES 

BASIS  FOR 

RADI/'.TIO.N 

EFFECTS 

REFERENCE  No. 

Resistors,  Wire  wound 

ergs 

n 

ALLOV.'ABLES 

frrn-(C) 

cmF 

Ultronix,  Inc.  Cont. 

LOOK  +0.1^t 

102P-MB 

3.9  (8) 

Resistance  (O.Cffi) 

12  p.  147 

lOOK  +0.1^6 

102P-MB 

1.8(10) 

1.J*(15) 

(e>2.9 

Mev  ) 

_ 

Resistance  (O.Ojt) 

12  p.  152 
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SEMICOWDUCTOR  DEVICES 


2.23 

2.23.1  DIOBES 

NUCLEAR  RADIATION  EFFECTG  DEGIGN  AIJ/DV.’ABLEr. 


MATERIAL  OR 

DESIGN  ALLOV.'ABLES 

BASIE  FOR 

RATI/.TIOM 

EFFECTS 

Seniiconductor  De- 

erge 

n 

J 

ALLOWABLES 

vices.  Diodes 

f7n-(C) 

cm 

REFERENCE  No. 

Bell  TeleT)hone  Labr. 

Diff.  junction 

(?.inc)(l  ea. ) 

‘‘.e  (15) 

(EX).l 

Mev  ) 

Forward  Bias  (+19.4/6 
Reverse  V  (+20.5^) 

1  IT  P  135 

Maf^nesium  -  doped. 
Tin  Alloyed  junction 
(1  ea.) 

h.6  (15) 

(E>0.1 

Mev  ) 

Forward  Bias 
(+43.5';^)  &  Reverse 

V  (37.5^)  3  2.2 
(I5)nf 

17  P  145 

Bomac  Labs 

1N21B,  Gi  Crystal 
Rectifier  (2  ea) 

CBS  Hytron,  Div.  of 
Columbia  Broadcast- 
inp  System 

1.1  (10 

6.6( l4)ne 

Backward  I  (+1100^) 

S  4.5  (l4)ne, 
Permanent  damage 

1  p  462-473 

11158  Crystal 
Rectifier  (2  ea.) 

3.9(10) 

2.i+(l5)ne 

Forward  I  (-85.5/6) 
Backward  I  (+7115^) 
Failed  in-plle 

1  p  U76-484 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ArjOVABIiES 


MATERIAL  OR 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

RADI/.TION 

EFFECTS 

I 

Semiconductor  Devices 
Diodes 

1  n 

l9i!jOXl.rli 

ALLO's'ABLES 

REFERENCE  No. 

T 

CD313T1  Zener  Diode 
(3  ea.) 

1(9) 

6.8  (15) 

(ElsO.l 

Hev) 

Zener  V  @  100  \iA 

(-36.3!;^)  &  5.4  (15) 

nf,  Knees  round 

10  p  11,  77, 

113 

36  Fig.  31 

JL 

CD  31**-7  Zener  Diode 
(2  ea ) 

1(9) 

6.8(15) 

(EX>.1 

Mev) 

Zener  V  @  100  pA 

(-6.4^)  @  2(13)  nf, 

Knees  Round 

10  p  11,  77, 

113 

36  Pig.  30 

n 

CD  4113,  Zener 

Diode, 

Temp.  Compensated 
(2  ea) 

1(9) 

6.8(15) 

(EX).l 

Mev) 

Zener  V  ©  100  u  A 
(-41^)  9  5.4(l5)nf, 
Knees  Round 

10  p  11,  77, 

113 

36  Fig.  29 

!l 

fl 

Fairchild  Semi- 
Conductor  Corp. 

li 

[! 

FD204  Diode  (4  ea  ) 

1(9) 

6.8(15) 

(EX).1 

Mev) 

Forward  V  drop 

(+185^) 

10  p  10,  75, 
110 

36  Fig.  27 

1  1 

1! 

FA  2083  Diode  (4  ea 

1(9) 

6.8(15) 

(E>0.1 

Mev) 

Forward  V  drop 

(-23.8^t)  @  5.4(15) 

nf 

10  p  10,  110 

36  Pig.  25 

I'l 

i 

III 

1.' 

h' 

1: 

I.P 

11 

160 


i; 


NUCLEAR  RADIATION  EFFECTS  DESIGN  AUDVABLES 


MATERIAL  OR 
CCMPONENT 
Semiconductor  De¬ 
vices.  Diodes 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

RADI/.TION 

EFFECTS 

REFERENCE  No. 

ergs 

m-(c) 

General  Electric  Co. 

C35,  Si  PNPN 
Rectifier  (2  ea.) 

1.7(7) 

7(13) 

(EX».l 

Mev) 

i^  (+190056) 

good  to  ~'l(l4)nf 

16  p  121-131 

C5B139,  Si  Controlle< 
Rectifiers  (2  ea.) 

1(9) 

1(16) 

(E>0.1 

Mev) 

Failed  @  l(l2)nf 

10  p  13,  116 

2NU90  Silicon 
Unljuctlon  (2  ea.) 

1(9) 

1(16) 

(E>0.1 

Mev) 

Failed  @  5(ll)nf 

10  p  14,  80 

53  P  1 

2NU91  Silicon 
Unijunction  (2  ea.) 

1(9) 

1(16) 

(EX).l 

Mev) 

Failed  @  5(ll)nf 

10  p  14,  80 

53  P  1 

1N2939  Tunnel  Diode 
(5  ea.) 

7.5(9) 

6.4(15) 

(E>0.1 

Mev) 

I  (-956)  @  l(l4)nf 
?( +12256) 

V^p(-23^) 

10  p  19,  136 
139 

EI'a3920A  (Graded 
2N490)  Sil.  Uni¬ 
junction  (2  ea.) 

1(9) 

1(16) 

(EX).l 

Mev) 

Failed  5(ll)nf 

10  p  14,  80 

6RS7PH  70THBI,  1575 
VAC  Single  phase, 
half-wave,  1.6na, 
Selenium  Rectifier 
(2  ea.) 

2.5(30) 

1.6(16) 

(E>i  Mev) 

DC  Output  (+1056) 

30  P  181-182 

6RS32LB1ADH1,  28  Vdc 
lOA,  Single  phase, 
full -wave  Selenium 
Rectifier  (l  ea.) 

2.5(10) 

1.6(16) 

(EX).l 

Mev) 

No  changes  noted 

30  p  181-182 

l6l 


NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.r-OV.’ADLES 


MATERIAL  OR 

COMPONENT 
Smnipnnfliic+.fYr  TW»- 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

RADRTION 

EFFECTS 

REFERENCE  No, 

ergs 

n 

J 'JLblGI'l 

ALLOWABLES 

vices.  Diodes 

07!- (C) 

?? 

cm 

Kemtron  Electron 

Fdts . .  Inc . 

1N21B  Si  Crystal 

1.1(10) 

5.6( l4)ne 

Backward  I  (+150^t) 

1  p  462-473 

Rectifier  (l  ea.) 

Microwave  Associates. 
Inc. 

1N21B  Si  Crystal 

i 

1.1(10) 

6.6(l4)ne 

@  5(l4)ne,  Permanent 
dEunage 

Backward  I  (Failed 

1  p  462-473 

Rectifier  (l  ea.) 

MA-159D  Si  Mixer 

8.7(10) 

@  2.2(l4)ne 

Still  Operational  at 

30  p  91-106 

1  to  4  KI4c  (6  ea.) 

(E>1  Mev) 

end  of  test,  gradual 

Motorola.  Inc. 

IN943,  Si  Reference 

9(8) 

8(15) 

degradation 

Zener  V  @  2 . 5  ma 

10  p  n,  77, 

Diode,  Temp.  Com¬ 
pensated  (5  ea.) 

(E>0.1 

(+3T.2^t)  Rounding 

Il4 

Mev) 

of  "breaking  point" 

53  P  2 

Pacific  Semicon- 
ductors .  Inc . 

PDI05  Diode  (3  ea.) 

1.8(10) 

r.9(i5) 

@  4.7(l4)nf,  Zener 

V  changes  appreciably 
®  3(l5)nf 

Forward  I  @  2V(-94.2^j 

)12  p  124-126 

PC115,  Alloyed  Si, 

1(9) 

@  2.6(l5)nf,  Reverse 

I  @  23.5  V  (-94^)  @ 
2.8(l5)nf 

Forward  V  drop 

10  p  110 

Atrupt^  i^unct^on 

(+425^) 

36  Fig.  2 
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NUCLEAR  RADIATION  EFFECTS  DESIGr!  AI,I/)'.;ABLES 


MATERIAL  OR 
COMPONENT 
Semiconductor  De¬ 
vices,  Diodes 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIA.TIOM 

EFFECTS 

REFERENCE  No. 

ergs  1 

n  1 

ALLOWABLES 

gm-(C) 

mam 

Pacific  Semicon- 

ductors ,  Inc .  ( con ' t , 

PD-400  Diode  (l  ea. 

3.9(8) 

Forward  I  @  Iv 
(~23.5i)  e  2.4(6) 
ergs/gm  -(C),  Re¬ 
verse  I  (-50^) 

12  p  115 

PD-ltOO  Diode  (l  ea. 

1.9(10) 

1.M15) 

(E>2.9 

Mev) 

Forward  I  @  Iv 
(-78.654),  Reverse  I 

(+130054) 

12  p  119 

PD-liOO  Diode  (3  ea.) 

1.8(10) 

7.9(15) 

(E>1  Mev) 

Forward  I  (+7.154) 
Reverse  I  (  -9^54) 

12  p  130-132 

RCA 

Experimental  GaAs 
Tunnel  Diodes, 
Ceramic -to-Metal 
Seals  (  T  ea . ) 

2.7(11) 

2.U(17) 
(E>1  Mev) 

Excessive  Leakage 

I  Q  6.5  (l4)nf 

30  p  l4l 

Sylvania  Electric 
Products 

IN2LB  St  Crystal 
Rectifier  (2  ea.) 

1.1(10) 

6.6(l4)ne 

Backward  I  (Failed) 

Q  2.2(l4)ne) 

1  p  462-473 

IH58  Crystal 
Rectifier  (2  ea.) 

3.9(10) 

2.4(l5)ne 

Forward  I  (one 
failed)  0  2.3(l4)ne, 
Backward  I  (one 
failed)  &  l(15)ne 

1  p  476-484 

IN263,  Ge  Crystal 
Mixer,  12  KMc  (max) 
(6  ea. ) 

6(10) 

1.6(16) 

(E>lMev) 

Still  operational 
at  end  of  test, 
degraded  Signal 

30  p  91-106 
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NUCLE/'.R  RADIATIOr;  EFFECTS  I'ETIOr:  .AI.r,0’.;ABLES 


MATERIAL  OR 
CCWPONENT 
Semiconductor  De¬ 
vices,  Diodes 

DESIGN  ALLOV.'ABLES 

a\SIS  FOR 

DESIGN 

ALLOWABLES 

RADI/.TIOM 

EFFECTS 

REFERENCE  No. 

ergs 

f7n-(C) 

mem 

Texas  Instruments. 

Inc. 

TI-2  Silicon  Diode 

5.8(9) 

2.9(15) 

Forward  T  (-8.2^) 

12  p  123 

(1  ea.) 

(E>lilev) 

Reverse  I  (  +  ^150^) 

Transitron  Electronic 

Corn. 

111690  Diale  (3  ea.) 

1.8(10) 

7.9(15) 

Forward  I  (+l4.3^) 

12  p  127-129 

(  E>-L'  ic  V  ) 

Reverse  I  (-89.^'^) 

III919  Si  Diode  (h  ea. 

6.14(10) 

3. '4(16) 

Forward  V  drop 

12  p  136 

(oillev) 

(+22,013)i) 

GG  1537  Diode  (3  oa; 

1.8(10) 

7.9(15) 

Forward  I  (-68.3^) 

12  p  133-135 

(E^lliev) 

Reverse  I  (-88.14'^) 

I 

I 

I 

T 


V/estinghouse 

Electric  Corn. 

Sxper  L-.iental 
galliiUTi  -  phosphide 
Diodes  (2  ea. ) 

1.1(16) 

(E:=-0.1 
Mev ) 

Reverse  V  (+391^) 
Forward  V  (+69.6)0) 

17  P 

138 

Experimental  Si- 
Carbide  Rectifiers 

U  ea.) 

6.3(9) 

Reverse  V  breakdown 
(-7.2)5),  Reverse 

Bias  I  (-31/4) 

17  P 

127 

Experimental  Si- 
Carbide  Rectifiers 
(3  ea.) 

3.5(6) 

(EioO.l 

Mev) 

Forward  V  S  5  nia 
(+ll+00)C)  Ci  1.2(l6)nf 
Reverse  V  beakdown 

(+2567?^) 

17  P  133 
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SEMTCOWDUCTOR  IBVICES 


2.23 

2.23.2  ICMFERATURE  SENS(»ffi 

MUCLEAR  RADIATION  EFFECTS  DESIGN  AI,T/)’..’ABLES 


DESIGN  ALL0V.'ABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADI/.TIOM 

EFFECTS 

REFERENCE  No. 

ergs 

e7n-(C) 

n 

— ;r 

cm 

Fenwall  Electronics. 

Inc. 

Thermistors  Type 
X-A  lOK  100°C  (U  ea) 

X-B  20  Mec  100°C 
ea.) 

X-C  100  Meg  100  C 
(U  ea.) 

3.8(9) 

7.2(15) 

(ED>-2.9 

Mev) 

Radiation  sensitive. 
All  decreased  in 

resistance  due  to 
Radiation  but  no 
permanent  damage 

2k  p  296-298 

Gulton  Industries 

J+5  T  G-2  Therm¬ 
istor  (U  ea. ) 

7.3(9) 

Decrease  in  R* 

(30^J) 

10  p  17,  91, 
1»^5 

U5  T  G-2  Therm¬ 
istor  {h  ea. ) 

7.5(9) 

Ml5) 

(00.1 

Mev) 

Decrease  in  RJO 
(505t) 

10  p  17,  91, 

Micro-Sensors  Corp. 

T  101-1000,  IK 

Terap.  Sensor  (It^  ea) 

7.8(8) 

U.U(15) 

(E>0.1 

Mev) 

Failed  Q  l(l3)nf 

10  p  21,  1^5 

Texas  Instruments 
Inc. 

TC -1/8-6038  0.22K 
Temp.  Sensing  Resis¬ 
tor  (2  ea. ) 

1.5(9) 

1(16) 

(E>0.1 

Mev) 

Failed  Q  5(l3)nf, 

Not  Recooinended 
for  use  in  Nuclear 
Environment 

10  p  12,  U6, 

115 

11  p  25 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.IOV.'ABLES 


MATERIAL  OR 

DESIGN  allov;ables 

BASIS  FOR 

RADI/.TIOri 

EFFECTS 

REFERENCE  No. 

Semiconductor  Devices, 
Tenro.  Sensors 

ergs 

n 

iJiLblGN 

ALLOWABLES 

grr.-(C) 

cm 

Miscellaneous 

Glannlnl  Controls 

Corp. 

Model  8643,  Photo- 
Pots 

(a)  Stlntered  and 
Povdered 

(b)  Slncle  crystal 

8.5(8) 

4.5(15) 

(E>  IMev) 

out 

10  p  20,  96 
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2.2U 


SOLIER 


NUCLEAR  RADL\TIOK  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOV7ABLES 

gm-(C) 

cm' 

MIL  Ag  l.b 
(97.5^^  Pb,  \.b'?  Ag, 
l':4  Sn) 

Higher  tensile 
strength  them 
available  electronic 
hardware .  High  euad 
increasing  Impact 
strength  at  low 
temperatures;  N. B. 

This  appears  to  be 
the  optimum  solder 
for  nuclear  environ¬ 
ments. 

67  P.89 
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2.25 


SWITCHES 


NUCLEAR  RADIATION  EFFECTS  DEr.IGH  AIJ/3'..'ABLFjS 


MATERIAL  OR 
CCKPONENT 

DESIGN  ALLOt/ABLES 

BASIS  FOR 

RADI/.TIOM 

EFFECTS 

REFERENCE  No. 

er^s 

n 

ALLOWABLES 

Switches 

6m-(C) 

P 

cm " 

Autronics  Corp. 

4O0  cps  Trainsfer 
Switch 

Type  III,  1360  (lea) 

1(9) 

1(16) 

[E>0.1Mev) 

Unit  failed  at 

4(12 )nf  and  5(5) 
ergs/gm-(C) 

10  p  23 

"  (lea) 

1(8) 

6.8(14) 

;E>0.1Mev) 

Drop-out  V  (/75‘^) 
Pick-up  V(/  47%) 

Unit  Failed 

10  p  159,  23 

Gianninl  Controls 

Corp. 

Acceleration  inte¬ 
grating  switch. 

Type  2358  (2  ea) 

2(10) 

1.5(1d) 
;e>\  Mev) 

1  Failed  at 
i .8(14 )nf 

No  effect  on  other 
switch 

37  P  8 

Kinetics  Corp- 

Main  Power  Transfer, 
Motor  Driven,  3PDT 
M3b2-1,  Ser.  OOU5 

(1  ea) 

1(9) 

5.8  (15) 

E>0.1  Mev 

Satisfactory 

Operation  throughout 
test 

10  p  23,  158 
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NUCLEAR  RADIATION  ETFECTS  DEISIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

Switches 

DESIGN  ALLO^.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

RETERENCE  No. 

ergs 

n 

ALLCTWABLES 

cm^ 

Leach  Corp 

400  cps  Transfer, 

Type  9410,  Serial  123 
(1  ea) 

1(9) 

1(16) 

(EX).JMev) 

Satisfactory 
Operation  up  to 

8  (13)nf  and 
l(T)ergs/gm-(C) 

10  p  23 

Micro  Switch  Div. 

Mliuir  Honeywell 
ReKulator  Co. 

Type  lEINl-6 

1.5(10) 

Satisfactory 

Performance 

Teflon  Seal-rings 
deteriorate 

33  P  2,  4 

Type  IHSl 

1.3(10) 

No  Effects 

Noted 

33  P  2,4 

Model  IHTl,  Hi  Temp 

1.1(11) 

No  effects 

Noted 

71  P  8 

Type  ILSl 

1.2(10) 

No  effect  on  Switch 
but  rubber  seals 
hardened 

3  P  2,  3 

Type  lSEl-3 

1.5(9) 

Increase  in  Operatinj 
and  release  force 
and  pretravel 

33  P  2, 5 

Type  ISMl 

1.3(10) 

Case  material 
became 

Brittle -GF  Black 
Phenolic  #7345 

Reslnox 

33  P  2,8 

’ 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.LOVABLES 


MATERIAL  OR 
CCMPONENT 

Switches 

DESIGW  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

gm-(C) 

n 

cm^ 

ALLCVABLES 

REFERENCE  No. 

Micro  Switch  Con't 

Type  2EPZ-E 

1.2(10) 

Seal  Becomes 

Brittle  and  Breaks 

33  P  2 

Type  BA-2R 

1.3(10) 

Black  Hienollc 
(ES02403)  case 
became  Brittle 

33  P  2,  7 

Type  BZ-2R 

1.3(10) 

Black  Phenolic 
case  becomes 

Brittle 

33  P  2,  7 

Type  V3-1 

1.3(10) 

GP  Red  Mai amine 

1077- RV22  Melma 
cover  became  Brittle 

33  P  2,  8 

Type  V3-I30I 

1.2(10) 

Supramica  555 
case  became  Brittle 

33  P  2,  8 

Transco  Products, 

Inc . 

SPOT  RF  Switch 

28VDC 

Type  13730-30  (1  ea: 

1.5(9) 

8(15) 

(EXi.lMev) 

Negligible 

Changes  Occurred 

10  p  24 
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2.26 


TERMINALS.  EIECTRICAL 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALL0'.:ABLES 
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2.27 


THERMDCOUPIZS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 
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2.28 


TRANSDUCERS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  Ar.La.’ABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION  1 
EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLCT.^ABLES 

Transducers 

®n-(C) 

cm^ 

Boxims,  Inc. 

Model  2L21 

0-4000  PSID 

Pressure  type  (lea) 

Centiory  Electronics 
and  Instruments,  Inc. 

2.1(10) 

5.4(15) 

(E>lMev) 

Output  error 

Max.  of  25‘;4,  No 
Permanent  damage 

9  p  78 

Model  75OX 

0-75  psig.  Si.  strip 
Element,  Pressure 

(leal 

Consolidated  Electro- 
dynamics  Corp. 

6.1(10) 

2.7(16) 

(E>.lMev) 

Gradual  shift 
in  calibration 

30  p  202-217 

Model  4-102A 
vibration  pickup 
fluld-deunaged  (6  ea) 

4.7(9) 

4.9(13) 

(E>.3Mev) 

Sensitivity  (/17^) 
at  2.5(l3)nf 

Damping  factor 

(-20;) 

4lp  14-24 

Model  4-ll6 
t-lacnetic  damping, 
Vibration  Pickup(;3ea) 

II 

Ptesponse  curve 
(/5.a;i) 

It 

Model  4-312 

2.1(10) 

7.7(15) 

;E>0.3Mev) 

Output (/40OO^ ) 

4l  p  36 

El emen t - unbonded 
Strain  gage  (0-75polo 
Pressure  Pickup(3ea) 

) 

at  5.2(l5)nf 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.LOL'ABLES 


MATERIAL  OR 
COMPONENT 
Transducers 

DESIGN  ALLOV.'ABLES 

BASIS  FOR 

RADRTION 

EFFECTS 

REFERENCE  No. 

ergs 

ALLOWABLES 

gm-(c) 

■Bill 

CEC  con ' t 

4-316A 

Unbonded  strain- 
gauge  vjlndings 
Pressure  pickup(lea) 

1(11) 

Unaffected  by 
gamma  radiation 

71  p  16 

Dynamic  Instrument  Co. 

Model  P3A1M 
unbonded  strain 
vd.re  (1  ea) 

l(l8)nvt 

No  effects 
noted 

58  p  20 

Endevco  Corp. 

Model  7r'2501-1000 
Ceramic  element 
piezoelectric  type 

(lea) 

l(l8)nvt 

93)»  loss  of 
output 

58  p  20 

Erich  Brosa 

Model  60l4 
quartz 

Piezoelectric  (lea) 

1(17 )nvt 

lO/D  loss  of 
first  Peak  at 
l(l6)nvt 

58  p  20 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESKSf  ALLC^’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Transducers 

ergs 

n 

JjJloXuM 

ALLO'^ABLES 

Fairchild  Controls 

Corp. 

Model  74 7E 

Double  Angular 
position,  potentio¬ 
meter  type  (lea) 

3-1(10) 

7.6(15) 

(E>lMev) 

Failed  In-pile 
due  to  electrical 
wire  degradation 

9  P  78,  82 

Giannini  Controls  Con 

Model  45154 

0-20  psia, 

Pressure  pickup 
Potentiometer 

Actuated  (3®®) 

3.2(10)- 

4.5(15) 

(E>2.9Mev) 

Response  curve 
slope  at  10  pslg 
( -6}i ),  Internal 
wiring  was  brittle 

4l  p  37-48 

Model  46119Y 

O-I5OO  psia, 
Potentiometer  type, 
Pressure 

2.3(10) 

6.7(15) 

(E>lMev) 

- Max 
deviation 

9  P  73,  102 

Model  46155-H-D 

0-4000  Psid 

Fd-essure  Responsive 
Bourdon  tube  and 
Potentiometer  (lea) 

2.4(10) 

5.1(15) 

(E>lMev) 

Ptesponse  Degraded 

Qi  at  1.8(15)nf 
and  8.5(9)ergs/gm-(c) 
DC  510  silicone 
fluid  Failure 

9  P  73 
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NUCLE/VR  RADIATION  EFFECTS  DESIGN  AI.I/)V.’ABLiiS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.IX)'..'ABLES 


MATERIAL  OR 

DESI(3J  ALLO^.’ABLES 

BASIS  FOR 

DESIGN 

ALLCVABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

Transducers 

ergs 

gm-(C) 

n 

- ^ 

cm 

Markite  Corp. 

Model  3108 

Double  angular 
Position,  pot. 
type  (lea) 

3.1(10) 

7.6(15) 

;E>1  Mev) 

Failure  due  to 
degradation  of 
Electrical  wire 
Insulation 

9  P  78 

Norwood  Controls 

Div.  Of  Detroit 
Controls 

Model  f/EPK-lOOO 

Strain  Wire  Type 
bonded  -  2-arms  of 
bridge  element  (lea) 

l(l7)nvt 

10;4  Loss  of  Out¬ 
put  at  l(l6)nvt 

58  p  20 

Omega  Instrument  Co. 

Model  ,/21-10 

Variable  Capacitance 
'fype  (1  ea) 

l(i7)nvt 

50", b  loss  of 
output 

58  p  20 

Statham  Instruments 

Inc. 

Model  PA-21Ta-lM-3tjO 
unbonded  A-armbridge 
Element,  strain  wire 
Tj^pe  (1  ea, 

1(18 )nvt 

Failed  Electrically 

58  p  20 

Model  PA-217ca-lM-3SC 
unbonded  U-armbridge 
element,  strain  wire 
Type  (1  ea) 

l(l7)nvt 

No  effects 
noted 

58  p  20 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALIG'.-.'ABLES 


MATERIAL  OR 
COMPONENT 

DESICTI  ALLOVJABLES 

BASIS  FOR 

DESIGN 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

Transducers 

gm-(C) 

cm 

Trans-Sonics,  Inc. 

Model  I3OID 

Bulb  Resistance 
Thermometer, 

Platinum  winding 
pickup  (2ea) 

1(11) 

3.2(13) 

(E>0.3Mev; 

Response  ( -22^ ) 
at  4(12  )nf 

4l  p  25  -  30 

Model  2115 

0-150  psla 

Pressure  Type  (lea) 

2.3(10) 

6.7(15) 

(E>lMev) 

Max.  of  6.5*0 

Output  Error, 

Operated 

Satisfactorily 

9  P  78,  81 

Ultradyne  Engineer- 
ing  Lab ,  Inc . 

Model  S-3 

0-50  psia,  inductive 
sensing  element, 
pressure  pickup(3ea) 

2.1(10) 

7.8(15) 

(E>0.3Mev, 

Output  at  50  Psia 
( -87 . 7^ ) , permament 
radiation  damage 
incurred 

'tl  P  36,  38, 
43-46 

Wiancko  Engineering 

Co. 

Model  nC9^ 

O-lOOOpslg 
Variable-reluctance, 
pressure  type  (lea 

6.3(10) 

2.6(16) 

(E>lMev) 

(0.5%)  zero  shift  & 
(-2.&)i)  slope  shift 
at  1.6(l6)nf 

30  p  201-217 
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2.29 


TRAJISFOngRS 


MUCIiAR  RADIATION  EFFECTS  DESIGN  AIXa/ABLES 


MATERIAL  OR 

DESI(a«  ALLOWABLES 

BASIS  FOR 

DESIGN 

ALLa^ABLES 

RADIATION 

EFFECTS 

vvnx^IVfjiT 

ergs 

n 

Transformers 

0n-(C) 

on^ 

REFERENCE  No, 

Aladdin  Electronics 

Type  02-164 

1:10  step-up 

E^xy  encapsulated 

A1  cased^  pulse 
type  (4ea) 

U5(l6) 

(E>0.5Mev) 

Wave-forms  shoved 
slight  degradation. 
Output  V  (decrease) 
Rec.  for  use  in 

Nuc.  Environment 

35  P  10.35 

Arnold  Ma/metlcs  Cori 

Part  #533-769 
Enoapsulated,  6.3  V 
400  cycle, filament 
XPnr.  at  3.5A, 

115V  single  phase 
Primary  Pwr.  XFmr. 

- 

3.2(16) 

(E>0.5Mev) 

lo  Riyslcal  Damage 
Resistance  &  second¬ 
ary  V-No  degradation 

35  P  10.130 

Part #77-777 
hermetically  sealed, 
50OV,  400  cycle 
Secondary  at  lOCXoa, 
115V,  single  phase 
secondary,  Pwr.  XFmr. 

3.2(16) 

(EX).5Mev) 

II 
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leEl 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLO'.v'ABLES 


MATERIAL  OR 
CCMPOHENT 

Transformers 


Mlcrotran  Co.,  Inc. 

Type  VM5-H(Transl8to^  4.6(9) 
Hermetically  Sid. 
Interstage,  5mw, (3ea| 


Type  VM  8-H, 
Hermetically  sealed 
Audio  output,  l^nw 
(Transistor ) ( 3ea ) 


Raytheon  Mfg.  Co. 

HTL-T-434-A 
Paver  Xfmr,  silicone 
rubber  encapsulate 
(4  ea) 


DESI(»  ALLOWABLES 


ergs 

@n-(C) 


6.1(9) 


Schaevltz  Engineering 


S2j. 

Model  200SS-L 
Linear  variable dlff. 
Transformer,  (9wlth 
cores  cycled,  3 
with  cores  locked  In 
null  position)  (12ea 


'-^>(9) 


1.4(16) 
(EX).  5Mev 


2.2(16) 

(EX).5Mev)| 


-'1(16) 
(EX).5Mev)| 


5.1(16) 

(EX).3Mev) 


BASIS  FOR 

DESICat 

ALLOIVABLES 


Primary  R(/5.3^t) 

Self  Inductance (-id^P 
IR-Prl.  To  sec. 
decreased  factor-iOO 


Primary  R(-l6^) 

Self  Inductance 
(/25^6ilR-Prt.  to  Sec. 
decreased  factor-100 


IR-Prl. to  sec.  at 
600v-dec  reased 
factor  —100, 
silicone  cracked 
and  flaked  off. 


Insulation  on  wire 
disintegrated. 
Inconclusive  due 
to  leeuJs  shorting 


RADIATION 

EFFECTS 

REFERENCE  No. 


4  p  81-97 


4  p  81-97 


4  p  60-d0 


41  p  29-22 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLO’./ABLES 


MATERIAL  OR 

DESICat  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

uvfu^rii!iriT 

Transformers 

ergs 

gm-(C)^^ 

n 

jjfjbiGn 

ALLOWABLES 

Stemcor ( Chicago 
Standard  Transformer 

Corp.) 

S-16147 

Metal  case,  potted 
with  silica sand 

Power  Xfmr.  (J*  ea 

~5(9) 

-1(16) 

(E>0.5Mev) 

IR-Pri.  to  sec.  at 
600v-decreased  facto: 
-iOO, one  drew  exces¬ 
sive  primary  I  in¬ 
pile 

4  p  60-80 

S-l6l48  same 
as  S-I6147  without 
metal  case  (4ea) 

It 

it 

IR-Pri,  to  sec.  at 

6 OOV-decreased 
factor  ~100 

if 

UM-110, Audio 
Interstage,  Imw 

Open  frame  ( 3ea ) 

2.5(10) 

1.3(14) 

.(E>0.5Mev) 

Primary  R(-15^) 

Self  indue  tion(/36^() 
Primary  to  core 
short  on  all  units 

4p  81  -  97 

Utl-112,  Audio 

Hl-Z  Input,  Imw, 

Open  frame  ( 3ea ) 

3.9(10) 

2.3(14) 

(EX).5Mev) 

Primary  R(-3.5/() 

Self  Inductance 
(/420/0) 

IR-Pri.  to  core 
decreased  factor  ~10C 

It 

UM-114  Audio 

Output ,  imw,  open 
Frame  (3  ea ) 

it 

Primary  R  (failed) 
Self  Indue t ion (- 30 ^t) 
Ir-Primary  to  core 
decreased  factor'..  10 

it 

Sylvania  Electric 

H  J7ST*  CnS  1 

Type  23130,  Audio 

Z  =9K  r-  10%  (Ilea) 

3.9(16) 

(E>0.5Mev) 

Prl.  and  Sec .  R  ( smal^ 
Inductance  {/■20}>) 
constitutes  failure 

35  P  10.1.31- 

NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.LOV.'ABLES 


MATERIAL  OR 

DESIfflf  ALLOWABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

Transformers 

ergs 

ejn-(c) 

n 

cm^ 

Telex,  Inc. 

Telex,  Inc . 

Type  11135,  Audio 
Interstage,  1  mw, 

Open  Frame  (3  ea) 

2.5(10) 

1.3(11*) 

(EX).5Mev) 

Primary  R  (Failed) 
Self  Inductance(-15^i 
IR-Pri.  to  core 
decreased  factor'd 00 

1*  p  81-97 

Type  11137,  Audio 
Output,  1  mw, 

Open  Frame  ( 3ea ) 

i*.6(9) 

1.4(16) 

(E>0.5Mev) 

Primary  R  (/5.8)t) 

Self  Inductance 
(-9.5.^),  IR-Pri.  to 
sec. decreased 
factor  .-10 

It 

Type  8929,  Audio 
Output,  3mw,open 

Frame  ( 3ea ) 

5.1(9) 

1.8(16) 

(E>0.5Mev) 

Piimary  R(/5.9^) 

Self  Inductance (-11^) 
IR-Pri.  to  core  de¬ 
creased  factor -'10 

II 

Jnited  Transformer 

Corp. 

AR-378,  Audio 
Hermetically  sealed. 
Epoxy  resin  fill, 

(4ea ) 

7.6(12) 

3.5(16) 

(E>0.5Mev) 

Cases  ruptured 
due  to  outgassing 

35  P  10.133, 
3.27 

Dot-1-Audlo 

Interstage,  50  mw, 
Hermetically  sealed 
(3  ea) 

6.1(9) 

2.2(16) 

[E>0.5Mev) 

Primary  R(/32^i) 

Self  Induction(/21vo) 
IR-Pri.  to  sec.-  de¬ 
creases  factor-.  100 

4  p  81-97 

"  (3  ea) 

2.6(10) 

1.3(11*) 

(E>0.5Mev) 

Primary  R  (/l3‘/t) 

Self  induction 
(/23^),  IR-Pri.  to 
core  decreases 
factor  ~  100 

It 

181* 
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2.30 


TRANSISTORS 


2.30.1  GERMANIUM 

2.30.1.1  NPN 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

rranslstorsj  Germanliui 
(NPN) 

ergs 

®n-(C) 

n 

— 7" 
cm 

i)J:>bi.cr4 

ALLOWABLES 

Texas  Instruments.  Inc 

• 

2N797  Mesa  (l  ea) 

3.9(8) 

///j,(dc)  (-23.3*) 

@  7.iri7)erg8/gm-(C) 

12  p73 

2N797,  Mesa  (l  ea) 

M9) 

2.7(1>») 

(E>2.9Mev) 

///o(dc)  (49.14*) 

@  7.6(l3)nf 

12  p79 

2N797,  Mesa  (3  ea) 

9.5(9) 

4.2(15) 

(E>2.9Mev) 

/^//^o(dc)  (-92*) 

21  P99-101 

2N797  Epitaxial 

5.9(9) 

2.9(15) 
(E>1  Mev) 

^//^o(dc)  (-82.8^6) 

@  2.8(l5)nf 

12  pl02 

.86 


2.30  TRANSISTORS 

2.30.1  OaUIANIUM 

2.30.1.2 

NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.IOV.’ABLES 


MATERIAL  OR 
CCMPONENT 

Transistors.  Germanl 


DESIGN  ALLOWABLES 


n 


BASIS  FOR 

RADIATION ■ 

DESIGN 

EFFECTS 

ALLOWABLES 

REFERENCE  No. 

Bendlx  Corporation 


iM73327-U,  diff.  alio; 
(Graded  2NI653)  F^ 
600Kc(mln)  (3  ea) 


1(16)  Palled  @  3(l3)nf  10  p59 

EX).lMev) 


Motorola  Semiconducto: 

»,  Inc. 

2H700  Mesa  (l  ea) 

4(8) 

"  (1  ea) 

5.9(8) 

1.5(13) 

(E>2.9Mev; 

"  (2  ea) 

1.1(10) 

5(15) 

(E>1  Mev) 

2N828,  Epitaxial  Mesa 
(3  ea) 

1.8(10) 

7.9(15) 

(E>1  Mev) 

2NI56I  Mesa  (1  ea) 

1.8(10) 

7.9(15) 

(E>1  Mev) 

Phllco  Corporation 

^/^o(dc)  (+9.W 


o(dc)  (-96^) 

■.6(l5)nf 
Jdc)  (-55^t) 


Zn’69 


(1  ea)  4(8) 


f/  Ac)  uiocyf,)  @ 

6(6)  ergB/gm-(C) 


(1  ea)  1.4(9)  7.6(13) 

(E>e.9Mev 


3{dc)  (+764^) 


12  p74 

12  p80 

12  PIO8-IO9 
12  pllO-112 
12  pl06 


12  P75 

12  p8l 


L-5446  MAOT  (5  ea 


l(l4)DVt 


No  Serious  Damage 


75  p47 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALIO'.’ABLES 


MATERIAL  OR 

PransSI^Sr^^^rniaiiluii 

(PWP) 

DESIOJ  ALL0V.'ABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

ergs 

n 

gm-(C) 

cm  * 

REFERENCE  No. 

Texas  Instruments,  Inc 

• 

2>mUl  Mesa  (l  ea) 

1.8(10) 

^/^o(dc)  {-7n>)  ® 
4.^15)nf 

12  pi03 

2N1195  Mesa  (2  ea) 

1.8(10) 

^/^o(dc^  (-94^^) 

@  2.9(l5)nf 

12  pl04-105 

2NI908,  Alloy  dlff.  Fq 
20  Mc(mln)  (2  ea) 

7.5(9) 

L(i6) 

[E>0.1Mev) 

Failed  @  4.8(l3)nf 

10  p65 

I’/estem  Electric  Co., 

Inc. 

2N599>  Diff .  Low  Pcrwei 
■Il-speed  Switching, 
Spitaxial  (10  ea) 

f 

I.M15) 

(EX).1Mbv) 

Igain  (-5.15?t) 

^Vc8o  (-77?^) 

19  p51,53,54 

2N59gE,  Epitaxial 
Switching  (10  ea) 

1.4(15) 

(EX).lMev) 

Igain  (-14.4*) 

3vc»o  (-58.4*) 

19  P5l,53,54 
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2.30 


TRANSISTORS 


2.30.2  SIUCOH 

2.30.2.1  WFW 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLW/ABLES 


NUCLEAR  RADIATION  EFFECTS  DESIGN  AU/y./ABLES 


MATERIAL  OR 
COMPONENT 

Transistors.  Silicon 


DESICN  ALLOWABLES 


®n-(C) 


Fairchild  S^^■^  cooductpr  Cc 
2N917  (Cont.) 

(1  ea) 


2N1613^  DD  Planar,  P 
6o  Mc(min)  (2  ea 


LCozit.  J 


5(H*) 

(BX>.lMev 


(2  ea)  (K>O.Ilfev 

(2  ea)  5(9)  l(l6) 


2(13) 

[KXJ.Ufev) 


General  Electric  Comp 

2R2193A,  Epitaxial  5(9) 
Planar,  Pr  50Mc(min) 

{k  ea) 


2N2193A,  Sandwich 
Construction  (2  ea) 


;B>0.1Mev) 

3(12) 

;EX),lMev) 


Motorola  Semlconducto r  Product >,  Inc. 

2H707A,  DD  Epitaxial  -^1(6)  3*5(13) 

Mesa,  Pr  70Mc(mln)  [EXt.lNev) 


Mesa,  Pp  70Mc(mln) 

(2  ea 

2R707A,  Mesa,  Pr  500 
(1  ea 


3(13) 

;K>0.1Mev) 


BASIS  FOR 

DESIGN 

ALLOH^ABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

20lt  Of 

36  Fig.  24 

(-80-^5^) 

10  p52 

///o  (-92^6)  ® 
2.4(14 )nf 

10  p64,65 

^  »  9?t  of  /  o 

36  Fig.  24 

Failed  @  2(l4)nf 

10  p64,57 

/  =  20^6  of 

53  P2 

^/^o  (-‘Hit) 

10  p52 

^  =  65lt  of  /o 

36  Fig.  24 
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] 


MATERIAL  OR 
COMPONENT 

Transistors,  Silicon 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

ALLOl^ABLES 

(NFIf) 

cm^ 

REFERENCE  No. 

Motorola  Semlconductoi 

Product! 

,  Inc.  (Cc 

at.) 

2N834,  Epitaxial  Mesa 
(2  ea) 

Pacific  Semiconductor! 

1.8(10) 

,  Inc. 

7.5(15) 

(E  >lMev) 

^/^o(dc)  Failed 

12  p97,98 

PT  901,  10  Amp  (2  ea) 

3.2(1^*) 

(E>0.1Mev) 

Ic  (-48?t)  @  1.8(l3)nJ 

17  p63,  98 

PT  955,  Triple  dlff. 
Mesa,  (Graded  2N1902) 
Ft  50Mc(mln)  (l  ea) 

7.5(9) 

1(16) 

(EX).lMev) 

^l$o  (-68.7lt)  @ 
3.3(13)nf 

10  p65 

"  (1  ea) 

8(9) 

f ! Po  No  change 

10  p62 

EM-1353I-AI  (Graded 
2N1259)  F'r  l60Mc(mln) 
(2  ea) 

1(9) 

1(16) 

(E>0.1Mev) 

///o  (-10056), 
Failed  @  3.3(l4)nf 

10  p55 

EM  13531-Al  (Graded 
2NI613)  200MC  (2  ea) 

4(12) 

(E>0.1Mev) 

f  =  T556  of  /o 

53  p2 

EM7^*T06-U,  Triple  difi 
Mesa,  (Graded  2NI893) 
50Mc(mln)  (2  ea) 

.  8(9) 

^//o  (-52.556)  ® 

'^8(7)ergB/gm-(C) 

10  p6o 

(2  ea) 

7.5(9) 

_ 

1(16) 

(EX).lMev) 

_ 

^//o  (-91.556)  « 

1.3(l4)nf 

10  p63 

I 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.'ABLES 


MATERIAL  OR 

DESIGN  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Transistors,  Silicon 
(VPS) 

ergs 

n 

ALLOWABLES 

gm-(C) 

cm 

Silicon  Transistor  Co 

rporation 

2N1722,  diff.  FV  IMc 
(min)  (2  ea) 

1(9) 

1(16) 

(E>0.1Mev 

Failed  @  9(l2)nf 

10  p58 

"  (1  ea) 

Texas  Instruments,  Ir 

c. 

2(12) 

[EXi.lMev) 

20^of/o 

53  P  2 

TI605  (2  ea) 

1(9) 

1(16) 

(EyS.lMev) 

//^o  (-93?^)  ® 

2(l3)nf 

10  P52 

36  Pig.  2k 

2N706a,  Mesa  (3  ea) 

1.8(10) 

7.9(15) 

[S>1  Mev) 

^/^o(dc)  Failed 

12  p89-92 

2NT53,  Mesa  (3  ea) 

1.8(10) 

7.9(15) 

[E>1  Mev) 

^//o(<ic)  Failed 

12  P93-96 

2N1717,  Triple  diff. 
Mesa  F,p  l^c(Min)(4ee 

1(9) 

1(16) 

(EX).lMev) 

Failed  @  1.2(l4)nf 

10  p56,  64 

"  (2  ea) 

3(12) 

(E>0.1Mev 

^  =  20^6  of  ^0 

53  P2 

31722,  Triple  diff. 
Mesa  Ft  10Mc(min)(2e8 

1(9) 

1(16) 

(EXJ.lMev) 

Failed  @  5.7(l3)nf 

10  p58 

(2  ea) 

2(12) 

(EX).lMev 

/  •  50*  of /„ 

53  P2 

31936,  Triple  diff. 
MeBa,F<p  7Mc(min)(2ea) 

1(9) 

1(16) 

;E>0.1Mev) 

Palled  @  7.7(l3)nf 

10  p56 

2(12) 

(EX).lMev) 

/  =  50lt  of  /o 

53  P2 
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2N1060,  Epitaxial  2.2(l4)  Igain  (-28.^)  @ 

Switching  (10  ea)  (E>0.1Mevl  6.5(l3)nf 


2N106oE,  Epitaxial  2.2(l4)  Igain  (-27.5^t)  @ 

(10  ea  (E>0.1Mev)  2.l(l4)nf 

2N1675  double  Diff.  ■  2.1(13)  Igain  (ic  =  iA)(-15^6 

50W,  10  Amp  (5  ea)  (E>0.1Mev)  @  2(l3)nf 

2082('prototype of  2Nl6'  5)  3.2(14)  Igain  (ic  =  O.IA) 

(15  ea  (EX).lMev)  -20^  @  1.8(l3)nf 


RADIATION 

EFFECTS 

REFE.RENCE  No. 

18  p47,51 
18  p47,51 
17  p63,T8 
17  p63,74 


2.30  TRAWSISTORS 

2.30.2  SILICON 

2.30.2.2  ^ 

NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.I/)'..’ABLES 


MATERIAL  OR 
COMPONENT 


Transistors,  Silicon  1 

rpNP^  m-(c) 


Fairchild  Semiconduct 


2N869,  Planar  DD,  Ft  1(9) 
lOOMc  (Min)  (2  ea) 

"  (1  ea) 


2N1132,  diff..  Ft  1(9) 

60Mc  (min)  (2  ea) 


BASIS  FOR- 
DESIGN 

ALLOWABLES 

RADIAvTION 

EFFECTS 

REFERENCE  No. 

Failed  ®  2(l3)nf 

10  p43 

f  =  of  ^0 

36  Fig.  24 

10  p54 

^  =  12^  of  ^0 

36  Fig.  24 

^//q  (-6i*.3^)  @ 
if.8(l§)nf 

10  p66 

^  =  60%  of  ^0 

53  P2 

hfo  i-m)  ® 

2.3(13)nf 

10  p53 

14^  Of^o 

36  Fig.  24 

(-91*)  @ 

1.8(l3)nf 

10  p52 

1 

2NII32,  Mesa,  Fi 
lOOMc 


h  ea) 


IliBEu 


es  Aircraft  Co. 


(E>0.1Mev 


1,  Precision  Allojj,  1(9) 
75Mc  (min)  (2  ea) 

(1  ea) 


187,  Precision  AllcW,  1(9) 
2aic(min)  (2  ea)  | 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALI^V.’ABLES 


(lea)  4(13) 

(EX).lMe^ 


Texas  Instruments,  In:« 

2N1395  Mesa  (l  ea)  1.8(10)  7.9(15)  /^//^o(dc)(-  92^6) 

;EX>.lMev) 

Experimental,  Field  5.9(9)  2.9(15)  Gm( umbos) (-98.2^) 

Effect  Device  [E>1  Mev)  Qm/Gnio 


RADl/.TIOM 

EFFECTS 

REFERENCE  No. 


36  Fig.  24 


12  pl07 
12  p85 
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2.31 


TUBES .  ELECTRON 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV7ABLES 


MATERIAL  OR 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Tubes,  Electron 

ergs 

n 

ALLOWABLES 

gm-(C) 

- 

cm 

QA2WA 

Gaseous,  Voltage 
Rectifier 

CBS  (Rjrtron)  (3  ea) 

3.5(10) 

1.2(15 )ne 
1.2(l8)nt 

Plate  V  @  30  ma  dc 
(+1.6^6)  @  2.5(l4)ne 

1  p435 

RCA  (3  ea) 

tl 

tt 

Plate  V  @  30  ma  dc 
(+5.5^6)  @  2.4(14)  ne 

1  P^35 

0B2WA 

Miniature  Voltage 
Regulator 

Raytheon  ( 3  ea) 

3.5(10) 

1.2(15)  ne 
1.2(18)  ni 

Plate  V  @  30  ma  dc 
(-2^)  ®  2.>(l4)  ne 

1  p444 

Sylvanla  ( 3  ea) 

It 

If 

Plate  V  ®  30  ma  dc 

(  <  l^t) 

1  p444 
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NUCLE/VR  RADIATION  EFFECTS  DESIGN  ALIxyJABLES 


MATERIAL  OR 
CCMPONENT 

DESIGN  allov;ables 

BASIS  FOR 

RADIATION 

EFFECTS 

er^s 

n 

ALLOl^ABIiES 

Tubes,  Electron 

gm-(C) 

cm^ 

REFERENCE  No. 

OZU 

FuU-vave  Gas,  Cathodi 
Rectifier 

Raytheon  (6  ea) 

1.6(10) 

5.4ri4)ne 

5.4(l7)nt 

Plate  I  (+17.2^1) 

@  l.l(l3)ne 

1  p449 

1AD4 

• 

RF  Sharp  Cut-off 
Pentode 

Raytheon  ( 3  ea) 

3.M10) 

1.9(l5)ne 
l(l8)  nt 

Plate  I  (+50lt) 
@6.5(14)  ne 

1  p453-46l 

Tung-Sol  { 3  ea) 

11 

II 

Plate  I  (-50^1) 

@  5.8(14)  ne 

fl 

1B35A 

Gas  Switching  Tube 
(ATR) 

Bcnac  fc  Sylvanla 
(Static) 


3.8(10M  4.5(l3)nf 
1.4(l8)nt 


Cracks  In  RF  vlndow 


2  p390 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.'ABLES 


MATERIAL  OR 
CCMPONENT 

Tubes^  Electron 

DESKOT  ALLOV.'ABLES 

— 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

m-(c) 

n 

- 2“ 

cm 

ALLC.^ABLES 

VG  1  A  Ionization 
Gauge  with  Pyrex 
Glass  (l  ea) 

6.6(l6) 

NVT 

Completely 

Shattered 

U9  P  11,  7 

with  Type  008 
lime  glass  (l  ea) 

3-7(15) 

NVT 

Discolored 
Prepressure  reading 
10-^mm  but  weld 
opened  on  collector 
in-pile 

U9  p  7,  12 

with  type  7720 

Nonex  Glass  (lea ) 

3.7(15) 

NVT 

Pressure  reading 
changes  from 
lO-nnm  to  5x10- 3Tnm 

49  P  7,  12 

with  type  1723 
alumino  silicate 
glass  (l  ea) 

3.7(15) 

NVT 

Pressure  reading 
changes  fran 

10”“mn  tc  3.7xlO-3mm 

49  P  7,  12 

' 

199 


I 


I 

ill 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALL0\;ABLES 


MATERIAL  OR 

DESIOT  ALLOV-’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

I/JLbKjri  ^ 

ALLOWABLES 

Tubes,  Electron 

gm-(C) 

T' 

cm 

LC-2 

Ceramic  Power  Tetrode 

Eltel-McCullou^(U  ea 

3.5(9) 

1.3(l5)ne 

8.2(l7)nt 

Excessive  Screen  I, 

2  failed  in  Grid  V 

2  p555 

2C39 

UHF  Triode  (hi-mu) 

Eltel-McCullough( 2ea) 

7.2(9) 

6.7(l4)ne 

3.7(l7)nt 

Failed  @  1.7(l3)ne 
due  to  glass 
fracture 

2  p474 

G.E.  (Ceramic)  (2  ea) 

M 

II 

Plate  I  (-6.8^t)  @ 
5.3(l4)ne,  no  failui 

II 

ee 

Machlett  (2  ea) 

M 

It 

Failed  @  1.7(13)  ne 
due  to  glass 
fracture 

It 

2CUo 

UHF  Triode 

G.E.  (6  ea) 

U.7(10) 

1.7(l5)ne 

1.6(l8)nt 

Plate  I  (-O.llSlt) 
Transc onduc tance 
(-0.7^)  ®  4.9(14 )ne 

1  failed  In-plle 

1  p494-501 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLO\-7ABLES 


MATERIAL  OR 

DESICT  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

Tubes ^  Electron 

ergs 

n 

Jj£«blGI4 

ALLOWABLES 

gm-(C) 

cm^ 

REFERENCE  No. 

Ebyratron-Xenon  gcus 

E«  (3  cfii) 

4.1(10) 

S.6(l5)ne 

1.3(l8)nt 

Output  V  (-13^1)© 
7.4(l4)ne,  deionizing 
tlae  (-40^1)®  9(l4)ne 

1  failed  In  pile 

2  p4l4-421 

RCA  (3  ea) 

II 

It 

Output  V  (-3*5^t)  and 
deionizing  Time 
(+25^t)  @  2(l4)  ne 

1  failed  In  pile 

n 

Tung-Sol  (6  ea) 
(3  ea)  vith  Cadmiim 
Shields 

1.2(11) 

2.4(16) 
^X).5  Mei^ 

Deionizing  Tljae 
( +l4^),  1  failed 

Plate  V  i-9f>)  e 
3.2(l5)nf 

6  p27,  35,  5: 

2K30 

Reflex  KLyetron,  K- 
Band  23.5-*  2U.5KMC 

Bendix  (3  ea) 

2.5(8) 

_ 

5.2(l3)ne 

3.5(l6)nt 

Failed  In-plle 
immediately  due  to 
glass  fracture 

2  p400-405 
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NUCLE/VR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 

DESIOI  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

Tubes,  Electron 

ergs 

n 

I/CioXCjIh 

ALLOWABLES 

gm-(c) 

y 

cm 

REFERENCE  No. 

3B28 

Half-Wave  Xenon  gas 
Rectifier 

Chatham  (l  ea) 

2.8(10) 

l.l(l5)ne 

6.3(l7)nt 

Load  I  -  (+5.3lt)  ® 
3.8( l4)ne 

2  p450 

Chatham  (l  ea) 

3.2(9) 

Output  I  (+6.25t)  ® 
6.7(8)ergs/gm-(C) 

2  p6l0 

Electronic 

Enterprises  (l  ea) 

2.8(10) 

1.1(15 )ne 
6.3(lT)nt 

Load  I  -  failed  @ 
5.*+(l^)  ne  due  to 
glass  fracture 

2  pl^50 

RCA  (1  ea) 

3.2(9) 

Output  I  (+ll^t)  @ 
2.l(9)ergs/gm-(C) 

2  p6l0 

RCA  (2  ea) 

2.8(10) 

1.1(15 )ne 
6.3(l7)nt 

Both  failed  in-pile 
due  to  glass  fractur* 

2  p450 

United 

Electronics  (2  ea) 

ft 

tt 

One  failed  In-pile 
due  to  glass  fracturi 

2  pi*50 

3CX100A5 

Ceramic  Hl-Mu  (UHF) 
Triode 

Eitel-McCullough( 3ea 

1.5(10) 

_ 

3.8(16) 

(B>0.5Mev) 

Cathode  V  (+800^1)  © 
3.1(15 )nf.  Control 
Grid  I  (+13311)  e 
2.9(l6)nf,  Survived 
Irradiation 

6  p27,50,53 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLa-.'ABLES 


MATERIAL  OR 
CCMFONENT 

DESIfflf  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

UjLblUIl 

Tubes,  Electron 

gm-(C) 

AJ-<LiL)'vAnl_ir,S 

REFERENCE  No. 

3D21B 

Pulsed  Modulator 
Pentode 

CBS-Hytron  ( 3  ea) 

1.3(11) 

3.8(l6) 

[E>0.5Mev) 

Transconductcmce 
(-14.5^),  Plate  V 
(+39lt)>Test  Leads 
shorted  In-plle  on 
all  samples 

6  p27,46,53 

3B29 

Dual  Tetrode 

RCA  (6  ea) 

( 3  ea  cadmium 
Shielded) 

1.2(11) 

2.4(l6) 

(E>0.5Mev) 

Transconductance 
(+ll^t)  ®  2.2(l5)ne, 
Glass  fracture  causec 
failure  on  3  tubes 
In-plle 

6  p27,31,53 

4D21 

Transmitting  Type  Te 

rode 

Levis  & 

Kaufman  (2  ea) 

1.4(9) 

3.l(l4)ne 

1.2(l7)nt 

Grid  V  «  75  na  dc 
(-250lt)  e  1.7(l3)ne 

1  P511-524 

Penta  Labs  (1  ea) 

n 

tt 

Grid  V  9  65  ma  dc 
(failed  9  1.9(l4)ne) 

If 
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MATERIAL  OR 

DESICTI  ALL(».’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ULMxVWla'iT 

Tubes,  Electron 

ergs 

n 

UJ!»bluIl 

ALLCTs^ABLES 

gm-(C) 

cm^ 

REFERENCE  No. 

4J52A 

Pulsed  Ma^etron 
Frequency  -  9375  Me 

Litton  Indu8tries(2ea 

)  4(7) 

l.l(l3)ne 

Both  failed  due  to 

2  p4o6 

5C22/HT-U15 

Hydrogen  Thyratron 

Kuthe  Labs  (3 

1.8(9) 

l(l6)nt 

U.9^l4^ne 
3.5(17 )nt 

glass  fractures 

Plate  I  (-lO^t)  @ 

2  p427-430 

5RUW3A 

Duodlode 

1.9(l2)ne,  All  fallec 
@  3.8(l4)ne  due  to 
glass  fracture 

Tung-Sol 


(U  ea) 


7.8(16) 

HVT 


All  cracked 


1*9  pll 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOIJABLES 


MATORIAL  OR 

DE31CTJ  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

uLWi^rJlLiNT 

ergs 

n 

ALLOWABLES 

Tubes,  Electron 

em-(c) 

an^ 

— 

Full-Wave  Rectifier 

CBS-Hytron  (3  ea 

3(10) 

1.2(l5)n< 

l(l8)nt 

Output  I  (-1.35^)  ® 
3.8(14 )ne 

2  p46l 

Sylvanla  (3  ea) 

3.8(10) 

2.5(l5)n« 
1.2(18  )n1 

Output  I  (-2.2^) 

®  1.2(l3)ne 

2  p460 

6AC7Tr 

Power  Amplifier, 
Pentode 

G.E.  (3  ea) 

2.8(9) 

2.l(l5)n* 

9.Ml7)n1 

Plate  I  (+7.1)t)  and 
Transconductance 
(+8.5^t)  ®  7.6(l4)ne 

1  P525-536 

RCA  (3  ea) 

II 

_ 

II 

Plate  I  (+14.4^6); 
Tronsconductcuice 
(+10.5^t)  ®  7.6(l4)ne 

II 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLO'.JABLES 


MATERIAL  OR 
COMPONENT 

Tubes,  Electron 


DESicai  allov;ables 


gm-(C) 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


6AK?/56?»»/6096 


Sharp  Cutoff,  Mlnlatv 
Pentode 

G.E.  (1  ea) 


Raytheon 


Sylvania 


3(10)  1.4(l5)ne  Plate  I  (+13?t) 

l(l8)nt  7(l4)ne, 


(2  ea)  3(10) 


(2  ea) 


(1  ea) 


Transconductance 
(-7^)  ®  1.7(l3)ne 

Plate  I  (+36^6)  ® 
1.4(l4)ne 
Transconductance 
(-10^)  ®  l.l(l4)ne 

Plate  1  (+19lt)  @ 
1.4(l4)ne 
Transconductaujce 
(-12^6)  @  9.2(l^)ne 

Plate  I  (+14^6)  ® 
2.9(13)ne, 

Trans  c  onduc  tanc  e 
(-12^)  ®  2.9(l3)ne 


1  p537-5l»7 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLa/ABLES 


MATERIAL 

OR 

DESICW  ALLOV.’ABLES 

BASIS  FOR 

DESIGN 

ALLO’a'ABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

Tubes,  Electron 

ergs 

gm-(C) 

n 

cm^ 

6AL5WA 

Receiving  Twin  Diode 
Type 

CBS(Hytron) 

(lea) 

2.2(10) 

1.7(15 )ne 

1.2(l8)nt 

Output  V(0.0^6), 
Emission  l(+19^) 
@l(l)^)ne 

Ip  548-557 

GE 

(lea) 

2.2(10) 

1.7(l5)ne 

1.2(l8-)nt 

Output  V(O.O^t) 
Emission  I  (+205&) 

Ip  548-557 

RCA 

(2ea) 

2.2(10) 

1.7(15 )ne 
1.2(l8)nt 

Output  V(-l^t)@ 
2.1(lU)ne,  Emission 
l(+2005&) 

ip  548-557 

Sylvanla 

(lea) 

2.2(10) 

1.7(l5)ne 

1.2(l8)nt 

Output  V(0.0?6) 
Emission  l(+10^t)@ 
l(l4)ne 

Ip  548-557 

Tung- Sol 

(lea) 

2.2(10) 

1.7(l5)ne 

1.2(l8)nt 

Output  V(0.0^6) 
Emission  l(+205t)® 
1.6(l5)ne 

Ip  548-557 

6au6WA 

Sharp  Cutoff  Min- 
atxire  RF  Pentode 

GE 

(2ea) 

3(10) 

1.9(l5)ne 

1  (l8)nt 

Plate  r(-8^t)@ 
U.8(l4)ne 
Transconductance 
(+3.3^t)@  2(lU)ne 

Ip  558-568 

Sylvanla 

(2ea) 

3(10) 

1.9(l5)iie 

1  (l8)nt 

Plate  l(+12^t)@ 
1.4(l5)ne 
Transconductance 
(+5^t)@  1.2(l5)ne 

Ip  558-568 

Tung-Sol 

(2ea) 

3(10) 

1.9(l5)ne 

1  (l8)nt 

Plate  l(-23^)@ 

1.3(l5)ne 

Transconductance 

(-14^&) 

Ip  558-568 
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NUCLEAR  RADIATION  EITECTS  DE;5IGN  ALLOWABLES  S 


MATERIAL  OR 

DESKS?  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

I 

Tubes,  Electron 

ergs 

gm-(C) 

n 

cm^ 

ALLO^^^ABLES 

REFERENCE  No. 

i 

6BB6/yry) 

i 

Mlnlat\ire  Pentegrld 
Converter 

• 

1 

GE 

(6ea ) 

3-3(10) 

l.l(l5)ne 

l.l(l8)nt 

Plate  l(+5.9)^  @ 
9(l3)ne 

Screen  l(-6.1^o)@ 
8.l(l4)ne 

Grid  V(-l4^)© 
3.l(l4)ne 

Ip  569-579 

ii 

ii 

6Ck 

11 

III  Preq.  Medium-Mu 
Irlode 

11 

CE 

(2ea) 

3.2(10) 

l.l(l5)ne 

l.l(l8)nt 

Plate  I(-3i;&)@ 
1.4(l4)ne 

Emission  l(-30/i)© 
1.4(l4)ne 

Ip  580-589 

il 

II 

RCA 

(2ea) 

3.2(10) 

l.l(l5)ne 

l.l(l8)nt 

Plate  l(-485o)@ 
5.9(l^)ne 

Emission  l(-35^)@ 

5.6( l4 )ne 

Ip  580-589 

P 

Tung- Sol 

(2  ea) 

3.2(10) 

l.l(l5)ne 

l.l(l8)r.t 

Plate  I(-30^)@ 
7.l(l4)ne 

Emission  l(-23/()@ 
2.4(i4 )ne 

Ip  580-589 

1: 

6l6WGB 

1 

Beam  Power  Amplifier  I 

Tung-Sol 

(6ea ) 

4.6(10) 

3  (I5)ne 

l.U(l8)nt 

Plate  l(+33^)@ 
1.9(l5)ne 

Screen  l(-24.4^)@ 
8.l(l4)ne,  believed 
gassy 

2p  602-606 

T 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AT.rO'.-.’AnLES 


MATERIAL 

OR 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

RADI/'.TIOM 

EFFECTS 

REFERETICE  No. 

Tubeu,  Klcctror 

ergs 

gm-(C) 

n 

“  ’  y 
cm ' 

ALLOWABLES 

laA'rrwA 

Ti/in  Triode 
ature ) 

(Mini- 

GE 

(3ea) 

A,l+(10) 

2.9(l5)ne 

L.i»(l8)nt 

Plate  I(+70.8^)e 

3( l4 )no 
gasry 

2p  501- 30h 

Cylvanio 

(3ca) 

A.U(IO) 

2.9(l5)ne 

lA(lC)nt 

Plate  I  (+38,i)G 

l.l(l5)ne 

garsy 

2p  501- 50U 

iaMr7/6l69 

Ti.’in  Trolce 
oture ) 

(Mini- 

GE 

(3e8) 

3.2(10) 

l.>i(l5)no 

l.l(lC)nt 

Plate  l(-2l.5,;)« 

1. 5(l^0iie 

2p  A98-5OO 

Cylvanin 

( 3ca) 

3.2(10) 

1.4(l>)ne 

l.l(l8)nt 

Plate  l(-32.2,i)(' 
1.5(l'0ne 

2p  498-500 

CD-16 

Tv.’in  Tr,  i^.e 
:r.ic  ) 

( Cora- 

Eitol-IlcCu]  lougJi 

(6e8  ) 

3.S(10) 

2.l(l5)nc 

1.2(l8)nt 

Plate  l(+28.5/i)c 
1.5(l5)ne 

2p  506 

CD- 18 

Miniature  liarp  C'jt- 

off  i'eniode 
nic  ) 

(Cera- 

Eitel-McCullough 

(Uea ) 

3.5(10) 

1.5(l5)ne 

Plate  I(-'66.7"/;C’ 
2.9(l‘<)ne.  1  Failure 

2p  569-573 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLa^ABLES 


MATERIAL  OR 

DESIOT  ALL(A.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Tubes,  Electron 

ergs 

n 

ALL01-?ABLES 

gm-(C) 

cm 

SK-221F 

Reflex  Klyptron 

Sylvanla  (2ea) 

371B 

HiVacuum  Half-V/ave 
Rectifier 

8.5(10) 

6.2(16) 

(Eb-lMev) 

freq.( +0.1650) 
power  output 

(!  11.154) 

30p  83-90 

Electronic  Enter- 
prifes  (3ee) 

1.1(9) 

5.l(l4)ne 

2.7(lT)nt 

Plate  l(-885i) 

1  Felled  in -pile  due 
to  gle'^G  fracture 

2p  i*53-^58 

Electronic  EMter- 

pri  es  (l«!8) 

M9) 

Plate  l(-2.3'»)© 
6.9(8)ergs/gm-(C) 

2p  611 

United  Electronics 

(lea) 

h(9) 

Plate  l(-2.‘*i)e 
6.9(8)ergs/gm-(C) 

2p  611 

United  Electronics 
(3ea) 

1+-65A 

1.1(9) 

5.l(l^)ne 

2.7(l7)nt 

Plate  I(+T2.5/4)@ 
2.9(l3)ne,  2  failed 
in-plle  due  to  glass 
fracture 

2p  U53-458 

Transmitting  Tetrode 

Eitel-McCullough 

(6e8 ) 

-^8.2(9) 

<^8(l3)ne 
~'8(  l6)nt 

Grid  V  -  all  tubes 
failed  la  pile  due 
to  glass  fracture 

Ip  590-595 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV/ABLES 


MATERIAL  OR 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLO^^ABLES 

Tubes,  Electron 

®n-(C) 

cm^ 

^83 

Hi-Vecuum,  Clipper, 
Diode 

i 

United  Electronics 
(6ea) 

bl8ooa 

Klystron 

2(9) 

3.9(lJ+)ne 

4.U(l7)nt 

Plate  I(+102?()@ 
l.l(lU)ne,  all  had 
fractured  envelopes 

Ip  596-605 

Bomac  ( 3ea ) 

(2e8  with  cadmium 
shields ) 

82^D 

Ihash-Pull  RF  Beam 
Power  Amplifier 

6.8(10) 

3-5(16) 

(*>0.5 

Mev) 

Beam  I(^5/o) 
freq.(-5oi6) 
power  out  (+75/^) 
all  survived-  but  sil 
icon  rubber  anode 
ceps  deteriorated 

6p  27,  39,  53 

RCA  (6ea) 

sri-2iU6B 

Ketal-Ceramic  Pen¬ 
tode 

2(10) 

2.4(l4)ne 

1.4(l7)nt 

all  failed  In-pile 
due  to  glass  frac¬ 
ture 

Ip  606-612 

Syl.ania  (5e8) 

6.8(15) 
(EX). 5 

Mev) 

no  change  in  tube 

characteristics 

noted 

35p  10.77-81 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLC.JABLES 


MATERIAL  OR 

DESIffll  ALLO^JABLES 

BASIS  FOR 

DESIGN 

ALLCVABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

Tubes,  Electron 

ergs 

gm-(C) 

n 

on 

SN-2225A 

Ti/in-Triode 
amic  ) 

(Cer- 

Sylvania 

6.3(10) 

1.6(16) 

(EX>.5 

Mev  ) 

Lairge  Grid  I 
increase,  probably 
not  suitable  for 
Nuclear  use 

35p  10.73-77 

^517 

Half-Wave  Rectifier 

Raytheon 

(5ea) 

2.3(9) 

6.8(l4)ne 

8.5(l7)nt 

Cathode  1  (+1O.4';4)0 
^.3(l2)ne 

?p  1+47-4^9 

•5636 

SuLminiature,  clual- 
control  Pentode 

GE 

(2ea) 

3.8(10) 

2.1t(l5)ne 

1.2(l8)nt 

Plate  I(-52.7^5)  & 
Screen  l(-57.2fO0 
3.l(l3)ne 

2p  586-591 

Gylvania 

(2ea) 

3.8(10) 

2.U(l5)ne 

1.2(l8)nt 

Plate  l(-32;i)  & 

Screen  l(-37^)@ 
3.l(l3)ne 

Tung- Sol 

(2ea) 

3.8(10) 

2.U(l5)ne 

1.2(l8)nt 

Plate  l(-29^)  & 

Screen  l(-35^)G 
3.l(l3)ne 

2p  586.591 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  Ar.LO’..7U)LES 


MATERIAL  OR 
COMPONENT 

Tubes,  Electro*' 


Subminiatvire  Video 
Amplifier;  Pentode 

Raytheon  (3ea) 

Sylvanla  ( 3ea ) 


^643 

Subminiature  'Hiyra* 
tron  Gas  Tetrode 

Sylvanla  (6ea) 


Voltage  Reference 
Tube 

Raytheon  (3ea) 


DESICTI  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

On-(C) 

cm^ 

4.5(10) 

2.5(l5)ne 

1.6(l8)nt 

.  Plate  I( +16.456)0 
1.5(l5)ne 

2p  557-561 

4.5(10) 

2.5(l5)ne 

1.6(l8)nt 

Plate  l(-17. 456)0 
1.7(l5)ne 

2p  557-561 

1.1(10) 

9.l(l4)ne 

4.8(17)nt 

Plate  I(- 3. 456)0 
1.5(l4)ne,  two 
failed  In-pile 

Ip  613-620 

3.5(10) 

1.2(l5)ne 

1.2(l8)nt 

Plate  V  0  3.5  mAdc 
(+55i)  e  9(l4)ne, 

Ip  621-629 

RCA 


(3ea) 


3.5(10)  1.2{l5)ne  Plate  V  @  3.5  mAdc 
1.2(l8)nt  (+2.5^)  ©  8.3(l4)ne 


Ip  621-629 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESICW  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

UvUTOWJuNT 

ergs 

n 

ALLO^^ABLES 

Tubes,  Electron 

0n-(C) 

1^0 

Miniature  Mediun-l-fu, 
Twin  Trlode 

GE  (2ea) 

U.l(lO) 

2.7(15 )ne 
1.3(l8)nt 

Plate  l(+365i)© 
3.7(l4)ne,  gassy 

2p  518-525 

Sylvanla  (2ea) 

U.l(lO) 

2.7(15 )ne 
1.3(18 )nt 

Plate  l(+28.5^t)© 
2(l5)ne,  gassy 

2p  518-525 

Tung-Sol  (2ea) 

4.1(10) 

2.7(15 )ne 
1.3(l8)nt 

Plate  I( +66.6^6)0 
2(l5)ne,  gassy 

2p  518-525 

^687 

Miniature,  Low-Mu, 

Twin  Trlode 

Tung-Sol  {6ea) 

3.1(10) 

1.8(l5)ne 
1  (l8)nt 

Plate  l(-22.2?t)@ 
1.3(l5)ne 

2p  508-510 

?702 

Sharp  Cut-off  Pen¬ 
tode 

Raytheon  ( 12ea ) 

3.1(9) 

7.6(13) 

(E>2.9 

Mev) 

Plate  l(-5?^)@ 
U.l(l2)nf 

22p  3,  W 

Raytheon  ( 12ea ) 

3.9(10) 

8.6(15) 

(E>2.9 

Mev) 

Plate 

l.U(l5)nf 

23p  19,  32 

NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.LOV.'ABLES 


MATERIAL  OR 

DESICW  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ULWrVKrINT 

Tubes,  Electron 

ergs 

Em-(C) 

n 

— :r 

cm 

JJbblGH 

ALLOWABLES 

5703WA 

Subminiature  Trlode 

Raytheon 

{6ea) 

2.9(10) 

1.9(l5)ne 

9Mn)nt 

Cathode  l(-U.7^t)@ 
3.7(l*i)ne,  Transcon¬ 
ductance 

(~2ki)@  8.3(l4)ne 

2p  483-486 

JI18 

Submlniature  'Jh'iode 

GE 

(lea) 

3.6(10) 

1.2(l5)ne 

1.2(l8)nt 

Plate  1(+17.5^)@ 
7.6(l3)ne 

Ip  630-636 

RCA 

(2ea) 

3.6(10) 

1.2(l5)ne 

1.2(l8)nt 

Plate  I(-18^)© 
6.6(l4)ne 

Ip  630-636 

Sylvanla 

(2ea) 

3.6(10) 

1.2(l5)ne 

1.2(l8)nt 

Plate 

6.3(l^)ne 

Ip  630-636 

322 

Subminiature  Trlode 

GE 

(2ea) 

2.5(10) 

1.5(l5)ne 

8.7(l7)nt 

Cathode  l(+12.5:o) 
3.6(l4)ne,  Trans- 
conductance 
(-12.4^S)  ©  1.3(l5)ne. 

2p  487-495 

RCA 

(2ea) 

2.5(10) 

1.5(l5)ne 

8.7(l7)nt 

Cathode  l(-l45t)@ 
1.3(l5)ne 
Truisconductance 
(-l6^i)@  1.3(l5)ne 

2p  487-495 

Sylvanla 

(2ea) 

2.5(10) 

1.5(l5)ne 

8.7(l7)nt 

Cathode  l(-25?()  & 
Transcoiuiuctance 
(-25^)0  1.3(l5)ne 

2p  487-495 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.Ixy.'ABLES 


MATERIAL  OR 

DESICTJ  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

iAJMrVWjLWT 

Tubes,  Electron 

ergs 

n 

ALLOWABLES 

em-(c) 

cm 

REFERENCE  No. 

5725/6AS6W 

Miniature  Sharp 
Cut-off,  Dual  Con¬ 
trol  Pentode 

GE  (3ea) 

4.1(10) 

2.6(l5)ne 

1.4(l8)nt 

Plate  l(-20.7^i)  & 
Screen  l(-28^)  © 
2(l5)ne 

2p  581-585 

Tune-Sol  (3ea) 

4.1(10) 

2.6(15 )ne 
1.4(18 )nt 

Plate  I(-22.8^)  & 
Screen  l(-45.45o)© 
2(l5)ne 

2p  581-585 

5744V/A 

Suhminiature  Kl-^!u 
Triode 

Raytheon  (6eB) 

4(10) 

2.4(l5)ne 
1.3(li-  )nt 

Plate  I(-19^J)@ 
6.8(l3)ne 

2p  480-482 

5T51V/A 

Miniature  Hi-Hu  Twin 
Triode 

GE  (2ee) 

3.8(10) 

2.5(l5)ne 

1.2(lC)nt 

Plate  I( +50^)0 
1.8(l5)ne 

2p  511-517 

Sylvanla  (2ea) 

3.8(10) 

2.5(l>)ne 
1.2(18 )nt 

Plate  I (+50^)© 
1.8(l5)ne 

2p  511-517 

Tung- Sol  ( 2ea ) 

3.8(10) 

2.5(l5)ne 

1.2(l8)nt 

Plate  I (+57.1^)© 
1.5(l5)ne 

2p  511-517 

I 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.LOV.'ABLES 


MATERIAL  OR 

DESIC3W  ALLOV.’ABLES 

BASIS  FOR  , 

RADIATION 

EPFRCTS 

uLMx^ruJiNT 

Tubes,  Electron 

ergs 

gm-(C) 

n 

ALLO'.vABLES 

REFERENCE  No. 

>3l4WA 

Miniature  Medium-Mu 
Twin  Triode 

G.E.  (1  ea) 

4.3(10) 

1.8(15 )ne 
1.5(l8)nt 

Plate  l(-33.9^)  at 
9.2(l4)ne,  possibly 
gassy 

2  p  527-533 

Sylvania  (2  ea) 

It 

11 

Plate  I  (-25^)  at 

9.1  (l4)ne 

tl 

I'ung-Sol  (2  ea) 

11 

It 

Plate  I(/l8^)  at 
7.4(l4)ne 

It 

^819 

Photo-Multiplier 

RCA 

2.2(7) 

ergs/gm 

-(C)-hr 

/0.3  ma  Anode 
current 

9  P  91 

9829 

Dual  Diode 

Pfeytheon  (12ea) 

3.1(9) 

7.6(13) 

(E>2.9Mev; 

Ip/gp  Fiatio  (0.O;4) 

22  p  3,  48 

Raytheon  (12ea) 

3.9(10) 

_ 

8.6(15) 
(E>2.9Mev , 

Plate  I  (/  l/i)  at 
2.9(l5)nf 

23  P  19,  33 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.rX)'..’ABLES 


MATERIAL  OR 

DESICTl  ALLO^.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Tubes,  Electron 

ergs 

n 

DCtblGn 

ALLO’VABLES 

gm-(C) 

y 

cm 

GE  (2  ea) 

6.6(10) 

.  4  ( 1 5  )ne 
2.1(l8)nt 

Plate  I(/l9.^)  and 
screen  l(+l6^)  @ 
2.4(l2)ne,  gassy 

2  p  574-530 

RCA  (2  ea) 

n 

tt 

Plate  l(/22.4^)  and 
screen  1(+15^6)  @ 
2.4(l2)ne 

2  p  574-580 

SylvB.nia  (2  ea) 

tt 

tt 

Plate  I  (+25.65^)  and 
screen,  l(+l8.2^)  @ 
2.1*(l2)ne,  gassy 

1/ 

Subminiature  pencil 
Type, 

iniF  Triodc 

RCA  ( fa  ea  ) 

6.9(10) 

3.3(l6)ne 

2.l(l8)nt 

Plate  I  (-19^4)  at 
1.7(16  )ne,  all  gassy 

2  p  477-479 

‘3896 

Subrainiature  dual 
diode 

GE  (1  ea) 

3.7(10) 

1.2(16  )ne 
1.2(l8)nt 

Output  V  (-0.5'^)  at 
8.6(13  )ne,  Einlssion  I 
(-28/0  at  l.l(l5)ne 

1  p  648-659 

Syivania  (iea) 

Output  V(-l^)  at 
7.6(13 )ne.  Emission  I 

(/15;i) 

II 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AI-LW-fABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOV/ABLES 

BASIS  FOR 

RADIATION  1 
EFFECTS 

REFERENCE  No. 

ergs 

n 

jjiLoXijn 

ALL0'7ABLES 

Tubes,  Electron 

®n-(C) 

cm^ 

^822A 

SubodJilature  semi-re¬ 
mote  cutoff  Pentode 

GE  (2ea) 

4.8(10) 

3.2(l5)ne 
1.6(18 )nt 

Plate  I(/21^)  at 

3. 6(l4)ne,  Screen  I 
(/25?t)  at  2.5(l5)ne 

2  p  562-568 

Soaotone  (2  ea 

It 

II 

Plate  l(-305i)  at 

2. 5(l5)ne,  Screen  I 
(-13. 6^)  at2(l5)ne, 
All  failed  to 

Survive  Irradiation 

11 

Sylvanla  (2ea) 

II 

11 

Plate  I (-7^)  and 
Screen  I  (-8.3^) 
at  7.2(l4)ne 

It 

Subminiature  Pentode 
(Beam  Pwr.) 

GE  (3ea) 

3.3(10) 

2.6(19 )ne 
1.4(l8)nt 

Plate  I(-9.17^)  at 
1.4(l4)ne, Screen  I 
(-19fO 

1  p  660-671 

"  (3ea) 

3.1(9) 

7.6(13) 

(E>2.9Mev) 

Plate  I  (/5'^)  at 
2.2(l3)nf 

22  p  3,  44 

GE  and  Sylvanla 

(l2ea ) 

3.9(10) 

8.6(15) 

(E>2 . 9Mev ) 

Plate  l(/5^0  at 
6.6(l5)nf 

23  P  19,30 

Sylvanla  (6ea) 

3.1(9) 

7.6(13) 

(E>2.9Mev) 

Plate  l(/5/0  at 
2.2(l3)nf 

22  p  3,  44 

(3ea) 

3.3(10) 

_ 

2.6(15)ne 

1.4(l8)nt 

Plate  I(-13‘3f') 

Screen  I  (-19^)  at 
1.9(l5)ne 

1  p  660-671 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALI/y./ABLES 


MATERIAL  OR 

DESIOJ  ALLOV.’ABLES 

BASIS  FOR 

DESIGN 

ALLOH^ABIES 

RADIATION 

EFFECTS 

REFERENCE  No. 

Tubes,  Ellectron 

ergs 

gm-(C) 

n 

^903 

• 

Dual  diode  (UHF) 

Sylvanla  ( 3ea ) 

1.6(9) 

2.5(14) 

(EX).5Mev; 

Envelopes  Turned 
Brown  but  no  other 
Damage 

35  P  10.71-73 

Remote  Cut-off 
Pentode 

Sylvanla  ( 3ea ) 

1.6(9) 

2.5(14) 

(E>0.5Mev) 

Envelopes  Brown,  No 
other  damage 

35  P  10.71-73 

590a 

Sharp  Cut-off, dual 
control  pentode 

Sylvanla  ( 3ea 

1.6(9) 

2.5(14) 

(EX).5Mcv) 

Envelopes  Bro\vn,  No 
other  damage 

35  P  10.71-73 

Miniature,  full-vrave, 
hl-vacuum  rectifier 

Bendlx  (6  ea) 

3(10) 

1.3(l5)ne 

l(l8)nt 

Output  I(-1.3^<,)  at 
1.4(l3)ne,  All 
survived 

2  p  463 

I 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.WV/ABLES 


MATERIAL  OR 

DESIGW  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

UtWlVWlLjrr 

Tubes,  Electron 

ergs 

n 

ALLOWABLES 

£5m-(C) 

cm^ 

REFERENCE  No. 

Miniature  beam  power 
pentode 

GE  (6ea) 

3.6(10) 

1.6(15 )ne 
1.3(l8)nt 

Plate  I (-37^)  at 
lfl5)ne.  Screen  I 
(/l6.7fO  at  3.5(l'+)n( 
one  failed  in-plle 

2  P  593-595 

6021 

Submlnlatvire  Medium 
Mu  twin  triode 

GE  (lea) 

3.7(10) 

2.3(l5)ne 

1.2(l8)nt 

Plate  l(/3TrO  at 
7.3(ll*)ne 

2  p  534-536 

Pfeiytheon  (2  ea) 

II 

II 

Plate  I(/l80,o) 
at  3.7(l4)ne,  gassy 

11 

Sylvania  (2  ea, 

li 

II 

Plate  l(/6l.U^)  at 
1.7(15)ne 

2  P  534-536 

"  (ilea 

3.1(9) 

7-6(13) 

(E>2.9Mev) 

Wbt3  riBtio(/5';4) 
at  l?8(l2)nf 

22  p  3,  47 

GE,  Fteiytheon  and 
Sylvania 

3.9(10) 

8.6(15) 

(E>2.9Mev) 

Plate  I(/  37»)  at 
2.7(l5)rxf 

23  P  19,  31 

1 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AIJOV/AHLES 


MATERIAL  OR 

DESIGN  ALLOV.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Tubes,  Electron 

ergs 

n 

ALLOWABLES 

sm-(C) 

*5 

cm  ‘ 

6oao 

Low-Mu  IVin  Triode 

1?CA  (oea) 

2o(lO) 

8.2(14 )ne 
8.2(l7)nt 

Cathode  V  (-2.4fo) 
at  2.7(l3)ne 

1  P  672-679 

fall! 

Subminiature  Med-Mu 
Twin  Triode 

GE  (3  ea) 

3(l7)nt 

Tube  failed 

52  p  8,  17 

"  (2  ea) 

2.9(10) 

1.2(l5)ne 

l(l8)nt 

Plate  I(/ll.4vi) 
at  l(l[;)ne 

2  p  5^*6-551 

r^aytheon  (2  ea 

” 

tl 

Plate  I  (/PO/))  at 
3.8(l4)ne 

It 

'.ylvania  (2ea 

It 

_ 

Plate  I  (-21’4)  at 
3.2(l4  )ne 

It 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.LOWABLES 
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NUCLEAR  RADIATION  EFFECTS  DESIGN- AI.T/y.-.'ABLES 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  AI.IXJWABLES 


MATERIAL  OR 

DESICat  ALLa.'ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Tubes,  EHectron 

ergs 

m-(c) 

n 

cm^ 

l/£*bXGM 

ALLO^a^ABLES 

7588 

Ceramic  Trlode 

GE  (4ea) 

1§21 

Metal-Ceramic 

Nuvlstor 

7  (10) 

5.5(16) 

(E>0.3Mev) 

No  damage 

31  P  14 

RCA  (4  Tested  in 

2  circuits) 

Miscellaneous  Type 

MgC 

Cold  Cathode  Type 

CO 

• 

H 

1  circxilt  failed 
at  9.7(l7)nt  and  the 
other  at  1.4(l8)nt 

52  P  17 

Tung-Sol  (4  ea| 

5(9) 

5(l6)nf 

Three  had  large 
signal  degradation 

28  p  3 
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2.32 


WIRK,  EUCTOICAL 

MUCLEAR  RADIATION  EFFECTS  DESIGN  ALIi05-7ABLES 


MATERIAL  OR 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

Wire,  Electrical 

1  n 

DctoXuri 

AL!ay.^ABLES 

On-(C) 

Autollte 

>ill-W-5086,  Ag  Plate< 
Cu  conductor.  Sili¬ 
cone  Rubber  Insula¬ 
tion,  1st  Braid  Com¬ 
bination  of  glass 
fibre  and  synthetic 
fibre,  2nd  Braid 
synthetic  fiber  and 
heat  resisteuit  Lacquc 
Insulation,  Hl-volt. 
(3  ea) 

^.3  (10; 

r 

1.8(15 )ne 

Insulation  R,  de¬ 
creased  by  order  ^10 

60  p36,  42, 
46 

Belden  Mfg.  Co. 

60  p36,  42, 
46,  59 

Mll-W- 503,  Heavy 
Beldtherm,  Class  "B" 
Insulation  (Epoxide - 
Polyester  Resin) 
Magnet  Wire  (3  ea) 

2.8(10) 

8.l(l3)ne 

Insulation  R  de¬ 
creased  by  order  "IOC 

Heavy  Nyclewi,  Nylon 
&  Vinyl -Acetal 
Insulation,  Magnet 
Wire  (3  ea) 

3.3(10) 

l.l(l5)ne 

Insulation  R  de¬ 
creases  factor  10^ 

74  p33 

Heavy  Fonnvar,  Vinyl 
AcetsLl  Insulation, 
Magnet  Wire  (3  ea) 

3.2(10) 

l.l(l5)ne 

Insulation  R  de¬ 
creases  factor^lO^ 

@  1.1(14 )ne 

74  p31,26 

Mil-W-583,  Heavy 
Beldsol,  Pclyurthane 
Dlsocyemate  Insula¬ 
tion  (3  ea) 

2.8  (10 

8.1(li0ne 

Insulation  R  de¬ 
creases  by  order 

10^  inmedlately 

60  p37,43,4( 
60 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLCJABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

ergs 

n 

ALLOWABLES 

Wire,  Electrical 

em-(c) 

Bimback  Radio  Co., 

nc. 

1.8(l5)ne 

Mil-W-16b7bA 
#20  AWG,  Insulated 
type  E  (Teflon)  Hi- 
Temp. 

“'^73(10) 

Insulation  B  de¬ 
creased  by  factor 

100 

60  p35,46, 
42,56 

600V, Copper,  Aircraf' 
Shielded  by  Copper 
Shield  (3  ea) 

/  3.7(10) 

1.4(15 )ne 
1.4(l8)nl 

Insulation  R  de¬ 
creased  by  factor 
^'lO^,  two  shorted 
in-pile 

74  p30 

(3  e4 

2.2(l6)ne 

Insulation  R  de¬ 
creased  by  factor 
■~lo5  @  1.7(l6)ne. 

Two  shorted  In-plle 

74  p42 

600V,  Copper,  Air¬ 
craft  (3  ea) 

If  (10) 

2.2(l5)ne 

InsxU.atlon  R  de- 
creeised  by  factor 
-^105@  1.9(l5)ne 

74  p26,  39 

"  (3ea) 

2,2(l6)ne 

Insulation  R  de¬ 
creased  by  factor 
'-lo'*  @  l,9(l6)ne 

74  p42,  27 

William  Brand  Co. 

AWG  22,  19  Strands 
#3^  AWG  Tinned  Soft 
Cu^  Insulation  O.Olff 
Dow  Coming  Silastic 
80  (10  ft) 

4.1(16) 

(EX).5Mev) 

Cracked  and  becaoie  s< 
Brittle  that  no  test! 
could  be  performed 

35  plO.  96- 
100 

AWG  22,  7  Strands  of 
#30  AWG,  Ag- plated 
Soft  Cu,  Insulation 

0.031"  «  XE-9003A 

(10  ft) 

II 

It 

tl 

I 


i 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

Wire,  Electrical 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

REFERENCE  No. 

n 

ergs 

en-(c) 

n 

cm ' 

WlUlam  Brand  Co.  (Ct 

mil 

11 

AWG  20,  19  Strands  oi 

■Bail 

Cracked  and  became 

35  plO.  96- 

n 

#32  AWG  Ag-plated 

(E>0.5Mev; 

so  brittle  that  no 

100 

If 

Soft  Cu,  Insulation 

tests  could  be 

0.016"  Silastic  80 

performed . 

(10  ft) 

fl 

AWG  l4,  19  Strands  oi 

It 

ft 

It 

#27  Tinned  Soft  Cu, 

Insulation  3/6U" 

II 

GE  SE-975  (10  ft 

AWG  l4,  19  Strands  0: 

It 

It 

II 

II 

#27  AWG  Ag-Piated 

Soft  Cu,  Insulation 

3/64"  Silastic  80 

ll  ! 

(10  ft) 

‘  1 

II 

h 

1- 

Gavitt  Wire  &  Cable 

Co  • 

1' 

h 

Mil-W-76A,  Hook-up 

3.3(10) 

9.6(l4)ne 

Insulation  R  de- 

60  p35,  46, 

1 1 

Covering  "j".  Nylon 

creased  by  factor 

48 

1 1 

Jacket,  Polyvinyl 

~10'*  @  1.9(l2)ne 

Insulation  (3  ea 

1, 

(3ea) 

3(11) 

1.1(15 )ne 

Insulation  R  de- 

74  p4o,  27 

creased  by  factor 

i 

105  e  3.8(l3)ne.  AU 

1' 

shorted  in-pile 

Mil-W-76A,  Mook-up 

3.3(10) 

9.6(l4)ne 

Insulation  R  de- 

to  p35,  46, 

il 

Covering  "B",  Glass 

creased  by  feu:tor 

48 

ll 

Yam  Braid,  PVC 

•-'lo3@  l.8(l2)ne 

Insulation  ( 3  ea) 

i: 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


1 

f 

1 

1 

I 

I 

1 


MATERIAL  OR 
COMPONENT 

Wire,  Electrical 


DESIGN  ALLOV.’ABLES 


cm 


Gavltt  Wire  fc  Cable  bo.  (Conti 


Mll-W-76,  Hook-up  I  4.2(10) 
Covering  "BS,"  Glass 
Yam  Braid  «e  Cu  ShleOjd 

PVC  Insvilatlon  (3  ea 

"  (3ea 


I 


MII-W-76A,  Hook-up 
Covering  "s"  Cu  ShieOl 
PVC  Insulation  ( 3  ea 

MII-W-76A,  Hook-up 
Covering  "U,"  PVC 
Insulation 


(3  ea 


3(11) 


J*.3(10) 


4.1(10) 


2(15)ne 


l.l(l5)ne 


2.2(15 )ne 


1.9(l5)ne 


Phelps  Dodge  Copper  ^oducts 


_ _ _  .  VVAttV-  SfOf 

Mil-W-5ti3,  Magnet  2.B(lo) 
Wire,  Heavy  Thermaleie 
Single  Daglas,  Slllcc  1 
Glass  fiber.  Dacron 
Yam  (polyester). 

Class  "B"  Insulatloi 
(  Epoxide -polye  ste  r 
Resin)  (Bthylane 
glycol  &  Terephthalld 
Acid  lnsulatlon)( 3  ea) 


iCorp. 

ti.l(l4)ne 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


Insulation  R  de- 


60  p33,>^. 


creeised  by  factor 


52 


'"lO'^  4.5(l3)ne 


Insulation  R  de¬ 
creased  by  factor 
'-lO^  @  3.2(l3)ne 


74  p40,  27 


Insulation  R  de¬ 
creased  by  factor 
--10^  @  1.5(l4)ne 


60  p35,  46, 


Insulation  R  decrease 
factor '-'103  ® 

1.8(l4)ne 


60  p35,46. 


Insulation  R 
decreases  by  factor 
-'lOO  @  9.8(l3)ne 


60  p36,  42, 
46,  59 
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NUCLE/VR  RADIATION  EFFECTS  DESIGN  ALLW7ABLES 


MATERIAL  OR 
COMPONENT 
Wire,  Electrical 


DESIGN  ALI/>.’ABLES 


BASIS  FOR 

DESIGN 

ALLOIn'ABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOV.’ABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

REFERENCE  No. 

er^c 

n 

J;hblLrl« 

ALLOWABLES 

Wire,  Electrical 

gm-(C) 

cm 

Phelps  Dodge  Copper 

Tod.  Con 

i.  (Cont.) 

Mil-W- 583,  Magnet 
Wire,  Heavy  Nyform, 
similar  to  wire  of 
last  item  on  previoui 
page  (3  ea) 

4.1(10) 

1.5(15)n€ 

Insulation  R  de¬ 
creases  by  factor 
--10  e  1.6(l4)ne 

74  p26,  36 

(3ea) 

2.6(11) 

9.5(l^)ne 

Insulation  R  decreasi 
by  factor  ~100  ® 
2.4(i2)ne 

IS  74  p27,  49 

Mll-W-583,  Magnet 
Wire,  Heavy  Foravar, 
Vinyl-Acetal 
Insulation  (3  ea) 

2.6(11) 

9.5(lJ+)ne 

Ins\ilatlon  R 
decreases  by  factor 
-'lOO  @  2.4(l2)ne 

74  p27,  49 

Mil-W-563,  Magnet 
Wire,  Heavy  Formvar, 
Single  Daglas,  Glass 
fibre.  Dacron  Yam 
(Polyester)  (3  ea 

4.1(10) 

2.2(l5)ne 

Insulation  R 
decreases  by  factor 
-^10  @  2.3(l4)ne 

74  p26,  34 

Same  as  above 
except  Single  Forava 
Se  double  D6iglas(  3  ea 

2.6(11) 

*9 

9.5(l'*)ne 

Insulation  R 
decreases  by  factor 
-^100  @  3.'*(l2)ne 

74  p27,  50 
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NUCLE/';R  RADIATION  EFFECTS  DESIGN  ALLOV.'ABLES 


MATERIAL  OR 
COMPONENT 
Wire,  Electrical 


Sprague  Products,  Ind 


Mil-W-583,  Magnet  |  3.5(lO) 
Wire,  Ceroc  ,  Teflon 
Inorganic  Ceramic  & 

Teflon  Insulation 

(3  ea) 

Mll-W-583,  Magnet 
Wire,  Ceroc.,  Silicorje, 
Inorganic  Ceramic  & 

Silicone  Insulation 
(3  ea) 


Miscellaneous 


Mil-W-l6878c,  Type 
(lOOOV)  Extruded 
Insulation  (Teflon  - 
TFE) 


Mil-W-l6878c,  Teflon 
Wire,  Single  Conduct<|r 
j-OOOV,  Ag-plated  Cu 
Shield  Jacket  of  Wraj^d 
Teflon,  Also  tvistedj 
pair  types 

Mil-W-123^9(SIGC) 
Modified  Polyolefin 
Insulation 


DESIGN  ALLOV.'ABLES 


ergs 

Gm-(C) 


1.3(9) 


cm ' 


1.9(l5)ne 


8.7(ll)nf 

i(l2)n 


BASIS  FOR 

DESIGN 

ALLO'WABLES 


All  Shorted  in¬ 


pile 


Two  shorted  in-plle 


Veiy  brittle  & 
powdery 


Flaked  off  &  powdery 


Withstood  radiation 
in  good  condition 


RADIATION 

EFFECTS 

REFERENCE  No. 


74  p48,  26 


74  P26,  52 


8  pll7,  Il4 


8  pll7,  114 


8  pll7 


I 

ii 


n 

fi 

II 


ii 


1 1 
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NUCLE/.R  RADIATION  EFFECTS  DESIGN  ALLOV.’ABLES 


MATERIAL  OR 
COMPONENT 

Wire,  ElectrlcaLl 


DESICTl  ALLOV.’ABIES 

er^c 

n 

pjn-(C) 

cm  ' 

Miscellaneous  (Cont, 


Mil-W-7139A,  Inner 
Insulation.  Two 
servings  of  wrapped 
Teflon,  Outer  -  Two 
seiTvlngs  of  braided 
fibre  -  glass  im¬ 
pregnated  with  Teflok 


1.3(9) 


8.7(ll)nlj 

1(12  )nt' 


BASIS  FOR 

DESIGN 

ALLOWABLES 


Inner  was  very  brittle  8  pll7 
Outer  is  in  good 
condition  and  con¬ 
fines  inner 


RADIATION 

EFFECTS 

REFERENCE  No. 


■''i? 


I 

I 

[ 

i: 


3.0  PULSE  IRRADIATION  DATA 


1 

I 

I 

I 

I 
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3.1 


amplifiers 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 


DESIGJI  ALLOWABLES 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


236 


3.2  CAPACITORS 

3.2.1  CERAMIC 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESIGN  AliLOWABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

[ergs 

n 

Capacitors,  Ceramic 

cm^-sec 

REFERENCE  No. 

Aerovox  Corp. 

O.OImf 

CSOAT 

3.0  (9) 

--9(16) 

Capacitance  (/l.6^) 
Diss.  factor  (/8.7>) 

203  P  5,  12,62 

Spracuc  pdta  Co. 

O.OImf 

Type  C**6 

‘^•3  (9: 

>1(17) 

Capacitance  (O^t) 
diss.  factor  1/^%) 

203  p  5 

Vltramon,  Inc, 

Q00U7mf 

Type  VK  20  (2ea) 

3.1(9) 

~9(16) 

Capacitance  #1 
(/0.22i) 
Capacitance  #2 
(-O.ll^t) 

Diss.  factor  (-3.2^) 

203  P  5,13,62 

Miscellaneous 

O.OImf,  oOO  VDC 

Disk  Type  Ceramic 

_ 

2.7  (8) 

Initial  V  change 

i-oM) 

208  p  83,  109 
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MATERIAL  OR 
COMPONENT 
Capacitors, 
Electrolytic 


DESIGN  ALLOWABLES 


Kn-(C)-sec  cm^-sec 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


6  nr,  600  VDC 
Dykanai  0  (chlori¬ 
nated  ilphenyl) 

TJU  OC'oOiT 

oprataie  Products  Co. 


4.3(b) 


lo  mT 
rvO.  Typ- 

40  mJt' 

TVL  Type 

lO'J  laf 

TvL  Type  (2  ea) 


1.70(9)  '-9(16) 


1.02(9)  ^-3(16) 


1(16) 


No  Electric 
Breakdown,  No  capa¬ 
citance  Change 


2270  i'licroamp 
Leakage  Current 

>>2700  Microamp 
Leakage  Current 

969  Microamp 
Leakage  Current 


208  p.  83,  11 


203  p.  6,  62 


203  p.  6,  62 


203  p.  6,  62 
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I 


3.2  CAPACITORS 

3.2«3  GLASS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

n 

UfibXuri 

ALLOWABIaES 

Capacitors,  Glass 

cin“-sec 

REFERENCE  No. 

Coming  Glass  Works 

0.01  mf 

Glass  Tj'pe  CY30 

3.4(9) 

-9(16) 

No  change  in 
capacitance 

203  P.  5,  12, 

62 

International  Busi- 
ness  Machines 

0.01  mf 

Evaporated  Glass 

4.0  (9) 

-1(17) 

No  chEinge  in 
capaci tance  >  64 

microamp  leakage 
current . 

203  p.  6,  62 
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CAPACITORS 


MICA 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


3.2 


CAPACIT(»S 


3.2.5  MYLAH 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

Capacitors,  Mylar 


Good-All 

1  mf,  600  VDC 
Type  613G 

Mlsccllancour) 

Type  Polyethylene 
Terephthalate  (Mylar’ 
Capaci tor 


DESIGN  ALLOWABLES 


ergs 
gm-(C)-sec| 


2.0  (8) 


3.8(8) 


cm^- sec 


BASIS  FOR 

DESIGN 

ALLOWABLES 


I RADIATION 
EFFECTS 

REFERENCE  No. 


Capacitance  (0115^^) 


Induced  conductivity 
(ohm-cm)”  ' 

(1.1  X  10"^^) 


208  p.  83,  101 


202  p.  14 
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n 


3.2  CiVTACITORS 

3.2.6  PAPER 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOWABLES 

— 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

a 

ergs 

n 

Capacitors.  Paper 

gm-(C  )-sec 

cm^-sec 

REFERENCE  No. 

Cornell -Dubilier  Co. 

O.lmf  6oO  vdc 
Oil-Impregnated 

cppSaiefioIk 

Cub  Type 

2.7  (8) 

J-Iaximum  Voltage 
Change  less  than  5*4 
volts.  Capacitance 

(-3.5^6) 

211  p.  62 

208  p.  83,  101 

[j 

n 

1  mf  600  vdc 
WsLX-Impregnated 

Pup  Type  (6  ea) 

i.a  (8) 

Initial  V  Change 

208  p.  83,  101 

n 

6  mf  -  Epoxy  Kish' 
Potting  Compound, 

Pup  Type 

(6  each  1  mf  in 

parallel) 

1.1(8) 

[■laximum  Voltage 
Change  -  10.8  volts 

211  p.  62 

[1 

11' 

Oj 

Sprague  Products  Co. 

!! 

li 

0.01  mf 

Vitamin  Q  Impreg¬ 
nated 

6.3(8) 

Capacitance  (+7.6^) 
Diss.  factor  (-25/6) 

200  p  12 

!i 

0.47  mf  400  VDC 
Vitamin  Q  Impreg¬ 
nated 

2.0  (8) 

Capacitance  (ot.12^) 

208  p  83,  101 

li 

!! 

f  1 

i! 

l  i 

242  l! 

li 


k 


3.2 


CAPACITORS 


3.2.7  TAHTALUM 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAI.  OR 

DESlCTf  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

DfibXuN 

ALLCVABLES 

Capacitors,  Tantalum 

gm'{C)-sec 

cm^-sec 

REFERENCE  No. 

SpraKue  Products  Co. 

0.01  mf 

Type  I50D 

3.7(9) 

-1(17) 

Capacitance  (•'0.36)t) 
Dios- factor  (-3.2^) 
Leakage  I  (26.6  ma) 

203  p.  12,  62 

0.1  mi’ 

Type  I5OD 

3.^9) 

-9(16) 

Capacitance  (■.0.47‘t) 
Diss.  factor  (-10.9^) 

203  p.  12,  62 

1  mf 

Type  I5OD 

-3(9) 

'-7(16) 

Capacitance  (.*0.77^^) 
diss.  factor  (-13-9^) 

203  p.  12,  62 

4  mf 

Type  120D  (2  ea) 

2.1  (9) 

—  6.3(16) 

Capacitance  (tl.2^) 
Diss.  factor  (r24^) 

203  p.  6,  12, 
62 

10  mf 

Type  I50D  (3  ea) 

3-4(9) 

j 

—  9(16) 

Capacitance  (+6.1)6) 
Diss.  factor  (-27.2^) 
Leakage  I  (-+160  ma) 

203  p.  12,  62, 
6 

10  mf 

Type  120D  (2  ea) 

-2(9) 

—  6(16) 

Capacitance  (-2.5)6) 
Diss.  factor  (-21.3^) 
Leakage  I  (19-7  ma) 

203  p.  6,  12, 
62 

10  mf 

Type  IO9D  ( 4  ea) 

3.2  (9) 

-  7.2(16) 

Capacitance  (+6.5)6) 
Diss.  factor  (-19.6^) 
Leakage  I  (872  ma) 

203  p.  6,  12, 
62 

12  mf 

Type  120U 

l.a  (9) 

—  5 . 8(  16 ) 

Capacitaince  (+3-7)6) 
Diss.  factor  (-7-2^) 

203  p.  12,  62 

22  mf 

Type  I5OD  (2  ea) 

-3.3(9) 

-7.2(16) 

Capacitance  (+4.79)6) 
Diss.  factor  (-3)6) 

203  p.  12,  62 

12  mf 

Tfmtalex  Type  (2ea) 

6.5(8) 

-2(15) 

Capacitance  (+0.33)6) 
Dios-  factor  (-.16. 66^ 

200  p.  12 

2l 


3.4 


COAXIAL  CABI2S 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESIOl  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

ALLOWABLES 

CocucIclL  Cables 

®n-(C)-sec 

cm^-sec 

REFERENCE  No. 

Air  dielectric 

1.2  (7) 

7  (16) 

the  degree  of  lonl- 

212  p.  5-2 

coaxial  cable 
(Spirafll) 

eatlon  was  found  to 
Increase  when  the  air 
pressure  was  reduced 
>elow  one  atnospherc 

miscellaneous 

Coaxial  Cable 
(Open  Circuit) 

RG-58/u  and  HG-9A/u. 

-7  (9) 

RG-58/U.  Voltage 
Pulse  of  0.2 -►OS 
volt  Is  developed 
during  the  burst 
RG-9a7u  voltage 
pulse  of  1.0  to 

2.0  volts. 

204  p.  8 

ilG-62  CostxleJ. 

-'  Y  (9) 

-0.90  Induced 
voltage  In  cable 

0 

H 

OJ 

i«J-59/u 

-7  (9) 

1  (16) 

0.10  Induced  voltage 
in  cable  &  6.1  in¬ 
duced  mlcroamps  In 
cable 

211  p.  21 

■«J-62/u 

7  (9) 

1  (16) 

-Vjin  capacitance 

211  p.  21 

«-58/u 

Solid  Polyethylene 
dielectric,  solid 
center  conductor 
shield  tinned  - 
Cu  Braid 

9.5  (8) 

_ 

5.5(16) 

Induced  I 

100  ^a  @  I5OOV 

Induced  I 

30  Aa  no  volts 
applied 

205  p.  36-39, 

45 

245 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

Coaxial  Cables 


HG-8/u 

Solid  polyethylene 
dielectric  stranded 
center  conductor, 
shield  Cu  braid 


DESIfflf  ALLOWABLES 


ergs 
gm-{C  )-sec 


1  (9) 


cm^-sec 


5-9(16) 


Induced  I  @  IJOOv 
applied  (600  x-a.) 
Induced  I, no  volts 
[applied  (25  >t«, ) 


BASIS  FOR 

DESIGN 

ALLOWABLES 


f  RADIATION 
EFFECTS 

REFERENCE  No. 


^5  p. 
^^5 


39-43^ 


II 

0 


11 

n 

!! 

ii 

I: 

il 

Ii 

r 


2U6 


3.5 


CRYSTALS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


2U7 


3.6 


INDUCTORS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

ALLOWABLES 

Inductors 

gm-(C  )-sec 

o 

cm^-sec 

REFERENCE  No. 

i’errite 

Inductor  Mn-Zn 

2.8  (9) 

Core  located  at  the 
reactor.  Ho  shunt 
resistance. 

AV  Percent  =  -  42 

206  Table  HI 

Ferrite 

Inductor  Mn-Zn 

2.8  (9) 

Core  located  outside 
reactor  with  a  100<a 
shunt  reslstanc< 
outside  the  reactor. 
AV  =  -  58  perceni 

206  Table  III 

Ferrite  Inductor 

P/i-Zn 

2.8  (9) 

Ho  shunt  resistance 

A\J  =  -  kTf> 

Core  located  at  the 
reactor 

206  Table  III 

Ferrite  Inductor 

Ni-Zn 

2.8  (9) 

No  shunt  resistance 
=  -  32  percent 
Core  located  60  In. 
back  from  the  reactor 

206  Table  III 

2k6 


3.7 


ISOLATORS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

1  DESIGN  ALLOWABLES  I 

COMPONENT 

ergs 

n 

Isolators 

j5n-(C)-sec 

on^-sec 

Sperry  Rand 
Corporation 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


Internal  Magnet 
Coaxial  Isolator 


2.2  (7) 


1.2  (17) 


Changes  In  output 
slgnail  levels  from 
the  potted  and  un¬ 
potted  Isolators  ar« 
less  than  0.05dh. 


212  p  5-1 


i 


3.8 


LIMITERS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 


LlBlters 


DESIGN  ALLOWABLES 


can^-sec 


BASIS  FOR 

DESirai 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


Gyrcoagnetle 
Coupling  Limiter 


3.1  (7)  1.7(17) 


Changes  in  output 
signal  levels  frcB 
the  unpotted  and 
potted  limiters 
are  less  than  0.05<3 


S12  p.  5-1 


250 


3.9 


OSCILLATORS 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALUWABLES 


MATERIAL  OH 
COMPONENT 

Oscillators 


DESICTI  ALLOWABLES 


BASIS  FOR 

DESIGN 

ALLOWABLES 


3.10 


POWER  SUPPLIES 


NUCLEAR  KADUTION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

Ui2.oj.Cjri 

ALLOWABLES 

Power  Supplies 

(7n-(C  )-sec 

cm^-sec 

REFERENCE  No. 

Boeing  Co. 

P3-P10,  150  VDC 

Trans i storlzed 

1  (16) 

Power  unit  went  out 
of  specification 
limits  due  to  change 
in  transistor 
parameters 

216  p  1 

211  p  97 

R5-PP3,  250  VDC 
Transistorized 

Power  Supply 

1  (16) 

Output  V  (0.05V) 
failed,  ripple  V 
(0.3rav) 

211  p  97 

PS-PIO,  150VDC 
Transistors;  1  type 

?N  333,  PN  53<;,  i  ?N 
575 

_ 

1.4  (16) 

Output  V  (-1.4^) 
poor  regulation 
ripple  V  (  1  V) 

211  P  97 
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3.11  RESISTORS 

3.11.1  CARBOW  (XMPOSirrON 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

„  CCMPONENT 
Resistors, 

Carbon  Composition 

DESKai  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

ALLOWABLES 

gm'(C)-sec 

cm^- sec 

REFERENCE  No. 

Allen  Bradley  Co. 

0.1  K  2W  (3  ea) 
Unpotted 

1.4(9) 

Resistance  (<^1?6) 

200  p.  7 

211  p.  47 

1  K,  2W 

1.6(9) 

Resistance  (l.65^t) 

200  p.  7 

1  K,  2W 

3.B(8) 

Resistance  (2.31^) 

211  p.  47-49 

1.021  K,  2W,  paraf- 
I'in  potted 

3.8(9) 

Resistance  {0.yfl>) 

211  p.  47-49 

10  K  2W  (3  ea) 

1(9) 

Resistance  (4.6^) 

200  p.  7 

10  K  2W,  Unpotted 

1.4(9) 

Resistance  (0.2^) 

211  p.  47-49 

10  K,  2W,  paralfln 
potted 

4.3(8) 

Resistance  (1.5^6) 

211  p.  47-49 

100  K  2W  (3  ca) 

1(9) 

Resistance  (25^t) 

200  p.  7 

100  K 

7.4(9) 

Resistance  ( -l6^t) 

201  p.  29 

100  K  2W  Acrylic 
potted 

2.3(8) 

Resisteince  (2.2^) 

211  p.  48 

100  K,  2W,  paraffin 
potted 

4.2  (9) 

Resistance  (3*1^^) 

211  p.  48 

1  Meg  2W  (3  ea) 

1.1(9) 

Resistance  (75j^) 

200  p.  7 

1  Meg,  2W,  Unpotted 

2.3(8) 

Resistance  (5.656) 

211  p.  48 

1  Meg,  2W,  peiraffin 
potted 

8.1(8) 

Resistance  (30.556) 

211  p.  48 

10  Meg  2W  Unpotted 
(1  ea) 

1.3(9) 

Resistance  (8756) 

200  p.  7 

10  Meg,  2W,  Parai'- 
fin  potted 

\ 

4.8(9) 

Resistance  (8556) 

211  p.  49 
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3.11  RESISTORS 

3.11.2  CARBON  FII/I 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESIGN  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

ij£.oXlrjN 

ALLOWABLES 

1 

f5n-(C  )-sec 

cm^-sec 

REFERENCE  No. 

Miscellaneous 

O.IK,  1/P  watt. 

-3(9) 

2(17) 

AV(max  volts )«  0 

=  0  (Applied 

Ro 

voltage  *  6  volts) 

206  p.6 

O.iK.  1/P  watt 

-3(9) 

2(17) 

AV  (max.  volts  = 

-0.005 

AR/p  s  -0.09 

(AppSied  voltage  * 
22  volts. 

206  p .  6 

O.IK,  l/P  watt 

-3(9) 

2(17) 

AV(Max.  Volts)  s 

0.005 

=-0.04 

applied  voltate 
*  -1*5  volts 

206  p .  6 

O.IK,  1/2  watt. 

-3(9) 

2(17) 

AV  (max  volts)»1.0 

ar/r^:  0, 

Applied  voltageS3  va( 

206  p  6 

IK,  1/2  watt 

-3(9) 

2(17) 

AV(max.  volts)»0.1f 
AR^j^  s  -1.6.  Appli« 

voltage  =  1*5  volts 

206  p .  6 

d 

IK,  1/2  watt 

~3(9) 

2(17) 

AV(max  volts)-!*. 0 

/Ro  -  -^-2 

Applied  Voltage  ■ 

-200  volts 

206  p  6 

lOK,  1/2  watt 

-3('>) 

2(17) 

AV  :  -0.65 

=  -21.6* 

Applied  Voltage*  12V 

206  p  6 

lOOK,  1/2  watt 

2(9) 

_ 

2(17) 

AV(max  volts)  ■ 

-U.2 

AR/r^  -  -IU7* 

206  p  6 
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3.11  RESISTORS 

3.11.3  mu 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOWABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

ergs 

n 

Resistors,  Film 

ffn~(C)-sec 

cm^-sec 

REFERENCE  No. 

Corning  Glass 

LOOK  Film  Resistor 

8.7(9) 

Reslatance( -Id^} 

201  p.  29 

lOOK  Film  Resistor 

1.1(10) 

Resistance  (-15^6) 

201.  p.  29 

International  Resistai 

ce 

Corporation 

lOOK  Metal  Film 

7.9(9) 

Resistance  (-114-^) 

201  p.  29 

inOK  Metal  Film 

5.9  (9) 

Resistance  (-15yt) 

201.  p.  29 

Victoreen  Instrument  C 

o. 

O.lK,  5W  Vacuum-En¬ 
capsulated  deposited 
Film 

3.9(8) 

Resistance  (ll.B'jt) 

POO  p.  7 

1 

1 


3.11.4 


RESISTORS 


WIREWOUND 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 


DESIGN  ALLOWABLES 


Resistors,  Wirewoundjf5n-(C )-sec|  cm^-sec 


BASIS  FOP 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


Mepco,  Inc. 

iO  K,  Paraffin  Pot¬ 
ted  6.0  (8) 


LOCK,  Paraffin  Pt)ttei9.4  (8) 

LOOK  8.7(9) 

1  Mer,,  Paraffin  Pot-  8.5  (8) 
ted 

1  Mep,  paraffin  Pat-  7.0  (8) 
ted 


chsmge  in  resis-  211  p  52 
tance 

13-2^  change  In  resis-  211  p  52 
tance 

Resistance  (-22^6)  201  p  29 

53-6^  change  in  resis-  211  p  52 
tance 

51.2^  chsinge  in  resis-  211  p  52 
tsince 


SEMICOHEWCTOR  lEVICES 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 


DESIGN  ALLOWABLES 


emiconductor  Devices  |Kni*(c)-sec  cm^-sec 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


IBMOl  (Tunnel  Diode 
be  PNP 

IN’i'tSA 
Ge  Diode 


|IN277 

Diode 

IN25**  Alloy-Junction 
Silicon  Diode  Recti¬ 
fier 


IN  o29 
Ki  Diode 


'N  123 

le  PNP 


N  167 
ie  PNP 


;N251  Diode 
Yansitron 


7.2(8) 


IN0U3  Diode  7  (9) 

Pacific  Semiconductor  I 
Inc . 


IN  658  Diode 
Radio  Receptor 


2N335  Si  NPN 


(0) 


2  (9) 


1  (17) 


2  (8) 


1.5  (9) 


l-‘*(9) 


b  (9) 


211  p  18 


211  p  18 
Table  3 

210  p  2,  33 


Reverse  I  pulse 
@  15V  (50  ua) 

@  50  V  (62  ua) 

peak  increase 
I  (132  ua) 

Increase  of  200  to 
U50  ua  from  an  origi 
nal  reverse  (Leakage 
I  of  ■<.  1  ua  were  ob¬ 
served  during  first 
half  mil  sec .  The 
Amount  of  Change  & 
subsequent  recovery 
are  Neutron  dose 
dependent 


Forward  I  pulse  ?11  p  18 

(!?  Ov  (11  ua).  Re  verse 
I  pulse  @100v  (l8ua) 


11  p  lU 


^co  from 

Pretest  value  of  0.4 
ua  to  2800  ua  at  peak 
Transient 


I^P  increases  from  211  p  l4 
pretest  value  of  lua 
to  250  ua  '?peak 
Transient 


Peak  Leakage  I 
@  90°c  (40  ua) 

Peak  Leakage  I 
<®  25°c  (425  ua) 


Peak  Lenikage  I 
®  25°c  (310  ua) 


1  p  22 


201  p  23 


201  p  24 


Peak  I2II  p  il* 

Transient  value(35ual 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 

DESIOI  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

jjJSibiun 

ALLOWABLES 

Jeini conductor  Devices 

0r.-{C  Vsec 

cm^-sec 

REFERENCE  No. 

?N  335 

r,  I. 

^  (9) 

Peak  I  (800  ua) 

B/Bq  [Failed) 

201  p  7 

2N  335 

Seneral  Electric 

1  (10) 

Peak  I  (360ua) 

B/B^  (-^) 

201  p  8,  lU 

?N  335  Si  NPN 

3  E 

(9) 

1  Peak  Transient 

(S^  ua) 

211  p  14 

?N  338  Si  NPN 

1  (9) 

Peak  IgQ  Transient 
(5U0  ua) 

211  p.l4 

3N338 
r  I 

1  (10) 

Peak  Ipo  (240ua) 

201  p  6 

?N  338  Si  NPN 
r  I 

2  (9) 

IjjQ  Peak  Transient 
(35  ua) 

211  p  14 

2N  389  Si  NPN 

1  (9) 

IpQ  Peak  Transient 
(12000  ua) 

211  p  14 

?N  339  TI 

1  (6) 

B/Bo  (-80^) 

201  p  15 

2N  U95  Si  PNP 

Philco 

1  (10) 

I  Peak  Transient 
(I70  ua) 

211  p  l4 

201  p  9 

Z  3-9  Zener  Diode 

U.S.  Semiconductor , Inc 

7.3  (9) 

lU  mv  change  in 
regulation  V 

201  p  27 

IN  I313A  Zener  diode 
Hofftaan 

1  (9) 

Knee  reverse 
Characteristics  (No 
change)  Min  diode  V 
did  not  retuni  to  zej 

211  p  19 

0 

SV-6  Z<iner  diode 
Transitron 

7.5  (8) 

29  mv  changes  in 
regulator  V 

201  p  27 

051  C**  Zener  diode  TI 

1  (9) 

Knee  reverse  charac¬ 
teristics  (no  change! 
Min.  diodes  V  did 
not  return  to  zero 

211  p  19 

SE  6mi6  Selenium 

Diode  Rectifier 

2  (8) 

1  (17) 

Leakage  I  (fbO^t) 

210  p  2,28 

IBM  51  Oe  PNP 

1A(9) 

Ijjo  Peak  Transient 
faOOQ  ua) _ 

211  p  14 

£38 


NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

DESIO?  ALLOWABLES 

BASIS  FOR 

DESIGN 

ALLOWABLES 

RADIATION 

EFFECTS 

lergs 

n 

cm^-sec 

REFERENCE  No. 

1275  Si  PNP 

1.5  (9) 

I  Peak  Transient 

( d6  ua ) 

211  p  14 

HDoOOd  Si  Diode 

2  (8) 

Current  pulse  @  lOOv 
(75  ua) 

211  p  18 
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3.13 


TUBES.  EiaCTROW 


fl 

NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

Tubes,  Electron 


DESICT  ALLOWABLES 


ergs 
(?n-(C  )-sec 


an^-sec 


BASIS  FOR 

DESIGN 

ALLOWABLES 


RADIATION 

EFFECTS 

REFERENCE  No. 


2Dei 

Thyratrons 
G.E.  (2  ea) 


G.E, 


G.E. 


G.E. 


5.9(8) 


2.4  (9) 


4.1(9) 


3.7(9) 


9.85/t  change  in  tube 
c  urrent .  Pul sed 
radiation  caused  non¬ 
conducting  tubes  to 
fire. 

Critical  Grid  Voltage 
=  -I.75  volts,  applied] 
grid  voltage  =  -2 
volts.  The  tube  fireft 
[during  this  burst. 

Critical  Grid  Voltage 
-0.75  volts.  Applie|l 
grid  voltage  »  -4  vol 
iThe  tube  did  not  fire 
[during  the  burst. 

Critical  Grid  Voltage 
-4  volts.  Applied 
Igrid  voltage  =  -1.8 
[volts.  The  tubes 
fired  during  the  burs- 


200  P.  15 


203  p.  23 


203  p.  23 


203  p.  23 


MATERIAL  OR 
COMPONENT 

Tubes,  Electron 

XD-100 

Gas  firing  Diode 
Vf  =  100  V 

G  •£  • 

XD-1^0 

Gas  firing  Diode 

Vf  -  150  V 

G.E. 


XD-223 

Gas  firing  Diode 

Vf  =  225  V 


G.E. 


XD-300 

Gas  firing  Diode 

Vf  =  300  V 

G.E. 

XD-37!? 

Gas  firing  Diode 
.  375  V 


G.E. 


RADIATION  EFFECTS  DESIGN  ALLOWABLES 


DESIGN  ALLOWABLES 

BASIS  FOR 

DESimf 

ALLOWABLES 

RADIATION 

EFFECTS 

ergs 

n 

gm-(C)-sec 

cm^-sec 

REFERENCE  No. 

-2.8(9) 

Diode  Bias  firing 
=  68^  of  Vf 

213  p.  10 

-6.5(9) 

Diode  Bias  firing 
=  58:^  of  Vf. 

213  p.  12 

-6.5(9) 

Diode  Bias  firing 

555t  of  Vf 

213  p.  13 

-6.5(9) 

Diode  Bias  firing 
=  57%  of  Vf 

213  p.  14 

CD 

Diode  Bias  firing 
=  52%  of  Vf, 

213  p.  15 

NUCLEAR  RADIATION  EJTECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

DESIOl  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

L/XioluM 

ALLOWABLES 

Tubes,  Electron 

gm-(C)-sec 

cm^-sec 

REFERENCE  No. 

XD-7^0 

Gas  firing  Diode 

Vf  =  750  V 

G.E. 

-8(9) 

Diode  Bias  firing 
=  62fjl>  of  Vf 

213  p.  16 

mhG 

Cereunic  Equivalent 
of  6j6 

Sylvania 
(Operating  under 
Applied  Voltage) 

3.8(16) 

Signal  Attenxiation 
varies  with  Distance 
from  the  reactor. 
(-33/t)  ©  3.7  from 

reactor  screen. 

209  P.  15 

Sylvania 

(No  voltage) 

3.1(16) 

No  effect  on  Tube 

.209  p.  24 

2146  B 

Ceramic  Equivalent 
of  6AQ5 

. 

Sylvania  (Operating 
Under  Applied  Volt¬ 
age) 

3.8(16) 

Tube  Output  Complete( 
Attenuated  for  I50 
milsec  after  Burst 
Tube  Behavior  varies 
with  distance  from 
Reactor. 

209  p.  24 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

DESICTl  ALLOWABLES 

BASIS  FOR 

RADIATION 

EFFECTS 

ergs 

n 

ALLOWABLES 

Tubes ,  Electron 

gm'(C)-sec 

cm^-sec 

REFERENCE  No. 

2225A 

Ceramic  Equivadent  of 
12AT7 

Sylvania  (Ojjerating 
under  Applied  Voltage 

3.8(16) 

Signal  Amplitude 
attenuated  to  zero  al 
250  milsec  after 
burst.  Varies  with 
distance  from  reacto: 

209  p.  15 

Sylvania  (No  Voltage) 

Z-5312 

Voltage-Tunable  Magne¬ 
tron  (vtm) 

3.1(16) 

No  effect  on  tube 

209  p.  24 

G.E.  #1697 
(air  atmosphere) 

1-7(9) 

1(17) 

Power  Output  (+64^) 
Freq.  (-15  Me  or  -0. 

Anode  I  (+10  xna. 
or  -■107.65() 

205  p.  19-25 
45 

G.E.  #1697 

(Nitrogen  Atmosphere) 

3.9(8) 

7(16) 

Power  (+64^t) 

Preq.  (No  change) 

225  p.  21 

G.E.  #1674 

2.8(8) 

1.6(16) 

Freq.  (-6  Me  ot~0  .SSl 
Power  output  (+33^^) 
Anode  I  (+3  ma  or 
*20^)  for  125  usee. 
Control  ElectjTOde  I 

(+130  ua) 

205  p.  31,  4; 

G.E. 

1.5(9) 

Negligible  Effect  on 
Parameters . 

204  p.  53 
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NUCLEAR  RADIATION  EFFECTS  DESIGN  ALLOWABLES 


MATERIAL  OR 
COMPONENT 

DESIGN  ALLOWABLES 

BASIS  FOR 

DESICSf 

ALLOWABLES 

RADIATION 

EFFECTS 

ergs 

n 

Tul)es,  Electron 

gm*(C)-sec 

cm^-sec 

REFERENCE  No. 

Voltage  Tunable 
Magnetron 

GE  #193 

1.8  (9) 

1.1  (17) 

Power  output  (+2,5^) 

205  p.  12-16, 

Z-5U28 

Voltage  Tunable 
Magnetron 

GE  #30 

9.2  (8) 

5.8(16) 

Freq.  (Unchanged) 
Control  Electrode  I 
+  75M.A.  for  200  X sec 

Freq.  &  Power 

45 

205  p.  31-35, 

5636 

Trlode 

Sylvanla  (3  ea) 

6.4  (9) 

(UnEiffected)Anode  I 
(+3  ma  or  +20^^)  for 
L00use9 , control 
Slectrode  I  (+100.<t<i) 
for  250  usee. 

1.98  ma  increase  in 

*♦5 

201  p.  33 

5840 

Pentode 

RCA  (3  ea) 

1.1  (10) 

:urrent  ®  cutoff 

0.82  ma  Increase  in 

201  p.  33 

5826 

Duo  diode 

Sylvanla  (8  ea) 

7.8  (8) 

_ 

current  @  cutoff 

Plate  I  (6^) 

200  p.  14 

_ 
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Chicago,  Illinois.  January  19<5o. 
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December  I960. 

5  Pfaff,  E,  R.  Effects  of  Nuclear  Radiation  on  Electronic 
Components,  Phase  I.  Scientific  Report  jf5.  Admiral 
Corporation.,  Chicago,  Illinois,  Contract  No. 

AF  33(616)7329.  October  15,  1956.  DDC  ADIII976. 

6  Pfaff ,  E.  R.  The  Effects  of  Nuclear  Radiation  on 
Electronic  Components,  Vol.  V  -  Electron  Tubes. 

WADC-TR-57-361  Vol  V.  Admiral  Corp.,  Chicago,  Illinois. 
Contract  No.  AF  33(616)7033.  November  I962.  DDC  AD291657. 

7  Sosnovosky,  Dr.  H.  C.  Radiation  Effects  on  Semiconductor 
Catal:i<-sts .  ASD-TDR -62-233.  Armour  Research  Foundation, 
Chicago,  Illinois.  Contract  No.  AF  33(6l6)7740.  October  1962. 

8  Goodman,  M.  R.  Nuclear  Irradiation  Effects  on  Plastic 
and  Elastomeric  flaterials  and  CpBiponents  for  Space 
Vehicle  Applications.  Report  No.  9123-920003.  Bell 
Aerosystems  do.,  Buffalo,  N.  Y.  September  1962. 

9  Lovrey,  B.  T,  and  'iitchell,  J,  C.  Irradiation  of  a 
Telemetering  System  and  Related  Reconnaissance  Sensors. 
ASD-TDR -62 -420 .  Chance  Vought  Corp.,  Dallas,  fexas. 

Contract  No.  AF  33(657)7229.  May  1962.  DDC  AD28335I. 
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10  Armstrong,  E.  L.  Results  of  Irraxilatlon  Tests  on 
Electronic  Parts  and  Modules  Conducted  at  the  Val- 
lecltos  Atomic  Laboratory.  Report  No.  SS-840-T62-6, 
IMSG-A05^670.  Lockheed  Missiles  and  Space  Co., 
Sunnyvale,  Calif.  August  27,  19^2. 

11  Kaufman,  A.  B.  and  Gardner,  L.  B.  NGL  Platform  Nuclear 

Radiation  Program,  Vol.  1.  ASD-TDR-61-511  Vol.  I. 

Litton  Systems,  Inc.,  Woodland  Hills,  Calif.  Contract 
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12  Kaufman,  A.  B.  and  Gardner,  L.  B.  NGL  Platform  Nuclear 
Radiation  Program,  Vol.  II-Materlal  and  NGL  Components 
Appendices  Section.  ASD-TDR-61-511  Vol.  II.  Litton 
Systems,  Inc ., Woodland  Hills,  Calif.  Contract  No. 

AF  33(600)4i452.  October  I961. 

13  Fritz,  E.  G.  and  Johnson,  P.  M.  Hot-Flov  Characteristics 
of  Irradiated  Polyethylene.  Report  No.  NARF-63-IT,  MR- 
N-300.  General  r^maraics  Corp.,  Fort  Worth,  Texas. 
Contract  No.  Ai’  33(657)7201.  May  15,  1963.  DDC  AD407815. 

14  Hanson,  J.  F.  and  Cary,  H.  The  Effects  of  Gamma  Induced 
Ionization  on  Electrical  Properties  of  Printed  Circuits 
and  Connectors.  Battelle  Memorial  Institute,  Columbus, 
Ohio,  for  Chance  Vought  Corp.  March  5^  1959. 

15  Nuclear  Electronic  Effects  Program  -  Report  for  the 
Tenth  Quarter.  Bell  Telephone  Laboratories,  Inc., 

New  York,  New  York.  Contract  No.  AF  33(600) -32662. 
December  31,  1958.  DDC  AD214533. 

16  Nuclear  Electronic  Effects  Program  -  First  Trlannual 
Technical  Note.  WADC-TN-59-295 .  Bell  Telephone 
Laboratories,  Inc.,  New  York,  New  York.  Contract  No. 

AF  33(6i6)-6235.  July  15,  1959.  DDC  AD226l68. 

17  Nuclear  Electronic  Effects  Program  -  Sixth  Trlannual 
Technical  Note.  WADC-TN -61-17.  Bell  Telephone 
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AF  33(6i6)-6235.  March  15,  I961.  DDC  AD25T011L. 

18  Nuclear  Electronic  Effects  Program  -  Seventh  Triann\ial 
Technical  Note.  ASD-TDH-6I-I37.  Bell  Telephone 
Laboratories,  Inc.,  2Iew  York,  New  York.  Contract  No. 

AF  33(6i6)-6235.  July  15,  1961.  DDC  AD264121. 


268 


Kadiatlon 
Effects  Ref. 
Wvimber 


19  Nuclear  Electronics  Effects  Progran  -  Eight  Trleanual 
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Dynamics  Corp.,  Fort  Worth,  Texas.  Contract  No. 

AF  33(600 )-32054.  February  1959. 
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General  Dynamics  Corp.,  Fort  Worth,  Texas.  Contract 
No.  AF  33(600)-32054.  February  3,  1958. 
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3.  Admiral  Corp.,  Chicago,  Illinois.  Contract  No. 
DA36-O39-SC-85322.  March  30,  1962.  DDC  AD2778l4. 
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Ft.  Monmouth,  N.  J.  DA  Task  No.  3A99-1300101. 

December  i960.  DDC  AD251147. 

29  Crewe,  A.  V.  Reactor  PeveloTment  Program  Propg'ess 
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31  Aerothermodynamlc  Data  and  Design  Criteria  Pertinent 
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Decanber  30,  I960. 

34  Walker,  R.  C.  and  Scarborough,  J.  R.  Nucleetr  Radiation 
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Dallas,  Texas.  July  1962. 
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Vol.  I,  Part  I.  Report  Ho.  BSR  371.  Bendlx  Corp.^ 
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February  i960. 

Zelrier,  C-ipt.  U3AF,  M.E.  and  Johnson,  D.  R.  Radiation 
Effects  on  Electronic  Compotients:  A  Comparison  of 
Paper  Capacitors  Impregnated  with  Vitamin  Mneral 
Oil  and  Bis-(P-Phenaxyphenyl)  Ether.  WADC-TR-60-645 . 
Wright-Patterson  AFB,0hio.  Pro.ject  7360.  November  i960 

Keller,  R.  L.  Nuclear  Radiation  of  Reinforced  Plastic 
Materials.  WADC -TR - 5 3 - 2 9&  Supplement  I.  Wright - 
Patterson  AFB^  Ohio.  Project  No.  'fihO.  December  1959. 

Ceh.'.ii dt ,  D.  L.  arid  Johnson  R.  II.  l/Lt's  U.S.A.F. 

Effoets  of  Qanma  Radiation  on  Aircraft  Transparent 
Materials,  Part  I.  V.'ADC-TR-56-557.  Wright -Patterson 
AFP,  Ohio.  Pro.iect  N..  T3U0.  March  1957.  DDC  ADII8III. 

Harris,  E.  P.  and  Bunpas,  Jr.,  C.  F.  Pressure  and 
Temperature  Instrumentation  for  Pynamlc  Measurements 
in  the  KEIfB  Prog.raji.  Report  No.  NAA-SR-i4-709. 

Atonies  International  Division  df  North  American 
Aviation,  Inc.,  Cinoga,  Calif.  Contract  No.  AT 
(],l-l)-Gen-3 .  ilovemier  I960. 

Sery,  R.  S,  et.  al.  Radiation  Damage  Thresholds  for 
Permanent  Magnets.  NOIffR  ul-A5*  N.S.  Naval  Ordnance 
I.abs.,  'diite  Oah,  .aryiand.  Task  No.  RRIIA -02008/2121/ 
F.0OY-('il-OOl.  lay  i  ,  J  .  DDC  /1D26205I. 

Pfaff,  E,  R.  Tiie  EfSects  of  Nuclear  Radiation  on 
Electronic  C  >r:p~onents,  Piiasc  2.  Scientific 
Report  No.  1.  Acinira’’  Corporation,  Chicago,  Illinois. 
Contract  No.  AF  33(6i6)-5Jr31+.  April  1958.  DDC  ADI5990O. 


Radiation 
Effects  Ref. 

Number 

ol  Ser;/-,  R.  S.  and  Gordon,  D.  I.  Nuclear  Irradiation  Effects 

on  FerrcanaKiietic  Core  Tlaterials.  NAVORD  Report  6127. 

U.  S.  Naval  Ordnance  Lab.,  White  Oak,  Maryland. 

June  3,  1958.  DDC  Ar)202to4. 

Gardner,  L.  B.  et  al.  Field-Effects  Device  Nautron 
Irradiation.  Litton  Corp.,  Woodland  Hills,  Csilif. 
and  Chance  Vought  Corp.,  l>allas,  Texas.  January  I962. 

63  Campbell,  F.  J.  Effects  of  Conblnini^  Thermal  and 

Radiation  Envlroninents  on  Maf;net  Wire  Life.  Pi'ogress 
Report.  U.  S.  Naval  Research  Laboratory,  Vfashlngton,  D.C. 
An'-il  1963. 

■SV  Dec.’-.cr,  L.  A.  Tiic  Effect  of  Radiation  and  Nitric  Acid- 

IRtrate  Salt  solution  on  Sonc  IIon-Metallie  Materials. 
Report  No.  IDO-l^i-59o.  Phillips  Petroleum  Co.,  Idaho 
Fails,  Idaho.  Contract  No.  AT(].0-l)-205. 

December  10,  19o2. 

65  Rogers,  J.  and  Craig,  C.  L.  Degradation  of  Electrical 

Insulation  from  Reactor  Irradiation.  AIEE  Conference 
Paper  No.  CP  '2-1297.  Sporry  Gyroscope  Company, 

Great  Nee];,  Nev/  York.  June  1962, 

6m  Gordon,  D,  I.  and  Sory,  R.  S.  Effects  of  Charged 

Particles  and  Neutrons  on  I'aroetic  Materials. 

IEEE  Transactions  Paper  No.  ^3-050.  U.  S.  Naval 
Ordnance  Laborato'm,'-,  Silver  Soring,  Mai'yland. 

JiLae  1963. 

67  Kaufman,  A.  B.  "Vfiiich  Soft  Solder  for  Nuclear 

Service?"  Litton  I  .dustries,  Woodland  Hills,  Calif. 

Reprint  ''rMm  Material  r.  In  Design  Engineering. 

Fobr.'.ar;/-  19(->0.  pp. 

■00  Borsoff,  V.  IT.  et  al.  lllgl'i  Temperature  Lubrication 

in  the  Presence  of  Nuclear  Irradiation.  V/ADD-TR-GO-i|.24. 
Shell  Development  Co.,  Emeryville,  Calif.  Contract 
No.  AF  33(616) -6658.  November  i960. 

69  Fritz,  E.  G.  and  Johnson,  R.  M.  Compression  -  Set 

Behavior  of  Irradiated  Silicone  Elastomers. Report 
No.  NARF-63-2T,  1 3-11-301.  General  Djeiamlcs  Corp., 

Ft.  Wortli,  Texas.  Contract  No.  AF  33(657) -7201. 

May  15,  1903.  DDC  XDko66^9. 
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Radiation 
Effects  Ref, 
Nunber 

70 


71 


72 


73 


74 


75 


Final  Development  Report  For  Evaluation-Development 
of  MIL-C-14157B  Capacitors  for  Nuclear  Radiation 
Environments,  Admiral  Corp.,  Chicago,  Illinois. 

Contract  No.  NObsr-776l2.  August  21,  I961.  DDC  AD265046 

Ayer,  J.  E.  and  Pokomy,  G.  J.  The  Performance  of  a 
Motor,  a  Switch,  and  Two  Types  of  Pressure  Pickup 
in  a  High  Gamma-Flux  Enviromaent .  AlIL-63^7* 

Argonne  National  Laboratory,  Ar^nne,  Illinois. 

Contract  No.  w-31-109-eng-33.  June  I961. 

Pfaff,  E.  R.  The  Effects  of  Nuclear  Radiation  on 
Electronic  Components,  Phase  2.  Scientific  Report 
"JPZ  AdrnirST'CorpTT^hic^o ,  Illinois.  Contract 
No.  AF  33  (6i6)-5464.  February  i960.  DDC  AD236450. 

Horrocks,  L,  A.  ,  l/Lt.  USAF.  The  Effects  of  Nuclear 
Radiation  on  Military  Specification  Paints. 
V/ADC-TR-57-186.  Wrl^t -Patterson  AFB,  Ohio. 

Project  7312.  November  1957.  DDC  ADl42l43. 

Pfaff,  E.  R.  The  Nuclear  Radiation  on  Electronic 
Components,  Fnase  2.  Scientific  Report  Admiral 

Corp.,  Chicago,  Illinois.  Contract  IIo.  AF  33(600)-5464. 
July  1958.  DDC  AD2O0270. 

Byer,  A.  Ilucleeu:  Radiation  Resistant  Povrer  Transistors, 
Final  Report.  Fnilco  Corp.,  Iiand,sdale,  Penn. 

Contract  No.  DA36-039-SC-78307.  July  i960.  DDC  AD249085 
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k.2 


HJLSE  IRRADIATION 


Radiation 
Effects  Ref. 
Number 


200 


201 


202 


203 


20  4 


205 


206 


207 


Some  Effects  of  Pulse  Neutron  Radiation  on  Electronic 
Components  -  III,  Results  of  January  1959  Godlva  Test 
Series.  International  Business  Hachines  Corp., 

Ovrogo,  New  York.  DDC  AD23^768. 

Some  Effects  of  Pulsed  Neutron  Radiation  on  Electronic 
Components  -  II,  Results  of  August  195^  Godlva  Te^ 
Series.  International  Business  Machines  Corp., 

Ch.-ego,  ITew  York.  DDC  AD23476T 

Conrad,  E.  E.  and  Marcus,  S.  M.  Gamm-a  Induced 
Photoconductivity  in  a  Polyethylene  Terophtahalatc 
Capacitor.  DOPE  TR-1037.  Dla.mond  Ordnance  F\ize 
Laboratories,  V/ashington,  D.  C.  DOFL  Project  23300. 
k  May  1962. 

Final  Report  on  Some  Effects  of  Pulsed  Neutron 
Radiatloi  on  E3.cctronic  Components.  WADC-TR-60-71. 
International  Bi'cincss  Machines  00115.,  0v;ego,  New  York. 
Contract  No.  AF  33(600 ) -31315 .  Januai-y  19^0. 

DDC  AD  232336. 

Plankis,  E,  P.  Radiation  Effects  on  Microwave  Devices. 
Report  No.  3*  General  Electric  Co.,  Schenectady,  N.Y. 
Contract  No.  DA36-O39-SC-07253.  31  March  1962  . 

DDC  AD276646. 

Planl^ls,  E,  P,  Radiation  Effects  on  Microwave  Devices. 
Report  No.  4.  General  Electric  Co.,  Schenectady,  N.Y. 
Contract  No.  DA36-039-SC-87253 .  30  June  1962. 

DDC  AD286882. 


SchloEser,  \l ,  et  al.  "Pulsed  Nuclear  Radiation  Effects 
on  Electronic  Components  and  Materials."  U.  S.  Army 
Electronics  RSD  Eiboratory,  Ft.  Monmouth,  N.  J, 

Reprint  from  Electro-Technology .  May  1963. 

'Jdora  ,  T.  and  Kothstein,  T.  Nuclear  False  Testing  of  a 
'/Idlcon  Camera  Head.  FranlcTord  Arsenal,  Philadelphia,  Pa 
January  1961. 
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20  3 


on  ■> 


211 


212 


213 


oil; 


215 


21''i 


Keister,  G.  L.  Transient  Radiation  Effects  on  Blectronles, 
Part  1-  Kvikla  Transient  Radiation  Tests.  TVADD-Tir-61-8. 
Boeing  Airplane  Co.,  Seattle,  Ifashlngton.  Contract  No. 

AF  33(6i6)-T531.  January  1961.  DDC  AD  261933. 

Saelens,  R.  G.  Radlaticp  Effects  on  Ceramic  Bleetron 
Tube  Tipes  at  Godlva  U  Facility.  USASRDL  TR-2030. 

S.  Army  Sipial  R&D  Laboratory,  Ft.  Monmoxith,  K.  J. 

DA  Task  Ur.  3-19-01-701.  1?  March  1959.  DDC  AD218OO6 

Long,  A.  L,  and  Degenhart,  H.  J.  Transient  Effects  of 
Pulsed  Noclear  Radiation  on  Bleetronle  Parts  and 
Materials.  USASRDL  TR-2007.  U.  S.  Amy  Signal 
R  ?z  D  Laboratory,  Ft.  Monmouth,  N.  J.  DA  Task  Nr. 
3-D3-OI-7OI.  20  January  1959.  DDC  AD227502. 

’./yler,  E.  11.  et  al.  Transient  Radiation  Effects  on 
Electronic  Components  and  Semiconductor  Devices. 

REIO  Report.  No.  or-.,  Battelle  Memorial  Institute, 

Columbus,  Ohio.  Contract  No.  AF  33(657)-10085. 

April  19,  1963. 

Harrison,  G.  R.  rind  Scheiwe,  J,  R.  Study  of  Pulsed 
Radiation  Effects  on  Microwave  Ferrite  Duplexers. 

Ronort  i'o.  2.  Sperry  R.and  Corp.,  Clearwater,  Fla. 

Contract  IIo.  DA35-039-DC-39113.  November  1962. 

DRvl  ,1029691'^. 

Talbert,  A.  J.  aiid  Willcin,  *1.  D.  Pulsed  Gamma 
Initiation  of  Breakdown  in  Gas  Tubes.  dofL  TR-961. 

Diamond  Ordjiance  Fuze  Laboratory,  Washington,  D.  C. 

DO^L  Pi-ojoct  54050.  10  July  I962.  DDC  AD26o821. 

Planltls,  E,  P.  Radiation  Effects  on  Microwave 
Devices .  Report  Mo.  2.  General  Electric  Co., 

Schenectady,  lieu  York.  Contract  No,  DA36-039- 
SC-37253.  31  December  I961.  DDC  AD273695 . 

Sauer,  H.  S.  A  Study  of  Radiation  Effects  on 
Electronic  Devices,  Second  Interim  Report  (t’aurt  II). 

EG  &  G  Report  ’lo.  B-2115.  Edgerton,  Germeshausen 
and  Grier,  Inc.,  Boston,  Mass.  Contract  No.  DA38- 
039-SC-7"171 .  31  July  19^0.  DDC  AD2493W;. 

Vassi lakes,  D.  Radiation  Test  on  the  PS210  Transistorized 
150  Volt  Regulated  Power  Supply.  Report  No.  D5-5851. 
Boeing  Airplane  Co.,  Seattle,  Vlartiington.  Contract 
Mo.  AF  33(6oo)-3503Ci.  October  l4,  1959.  DDC  AD244-774. 
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5.0 


LIST  OF  ABBR3VIATI0NS  USED  IN  DESIGN  ALLOWABLES 


absolute . abs 

alternating-current  (as  ad,}. only) . a-c 

American  vire  gauge  .....  .  Awg 

ampere . amp 

ampere-ho\xr . amp- hr 

amplification  factor  of  vacuum  tube 
amplitude  modulated(as  noun  or  adj.).  .  .  AM 

atmosphere . atm 

audio-frequency  (as  adj .  only) . a-f 

average . avg 

Balance . bal 

British  thermal  unit . Btu 

calorie  .....  .  cal 

centimeter . .cm 

centimeter-gram-second(system) . cgs 

cent  i  stokes . CS 

circular-mil  (adjective) . cir-mil 

coefficient . coeff 

counter  electromotive  force  . cemf 

cubic . cu 

current  .  I 

cycles  per  second . cps 

decibel . db 

pover  in  decibels  referred  to  1  millivatt .dbm 

degree . deg 

degree  (angular  measure) . “ 

degree  centigrade  .  C 

degree  Fahrenheit  .  F 

diffused  . diff 

diameter . • . diam 

direct-current  (as  adj.  onli) . d-c 

dissipation  factor  .  D.F.or  Diss.F 

electric . elec 

electromotive  force  .  emf 

ergs/gm-(C) . e/g-c 

foot . ft 

frequency . f  req 

frequency  Hiodulated  (as  noun  or  adj . )  .  .  FM 

Germanium . Ge 

gram . gm 

gravitational  acceleration . g 

henry . h 

hermeticaULy  sealed  .  H.S.or  Herm.S 

horsepover . hp 

hour . hr 

impedance  .  Z 

inch . in 

intei-mediate- frequency  (as  adj.) . i-f 

Insulation  Resistance  . IB 

kilocycles  per  second . Kc 

kilomegacycles . KMc 

kilometer . kn 


kilovolt . . 

kilovolt -anqpere . . 

kilowatt . . 

magnetomotive  force  .  .  .  .  . 

maximum  . 

megacycle  . 

megavolt -ampere  . 

megawatt . 

microampere  . 

microfarad  . 

micromicrofarad  . 

micromicron  . 

micron . 

microsecond  . 

microvolt  . 

microwatt  . 

milliampere  . 

millihenry  . 

millimeter  . 

millimicron  . 

millivolt  . 

minimum  . 

minute  . 

ohm  (O)  . 

ohm- centimeter . 

oimce . 

pound  . 

pound  per  square  inch  .  .  .  . 
pound  per  square  inch  gauge  . 

power  . 

primary  . 

pulse  time  modulation  .  .  .  . 
radio- frequency'  (as  adj.)  .  . 

recommended  . 

resistance  . 

revolutions  per  minute.  .  .  . 

short-circuit  ratio  . 

signal-to-noise  ratio  .  .  .  . 

single  side  band . 

square . 

standing- wave  ratio  . 

superhigh  frequency  . 

temperature  . 

thousand . 

transformer . ;  . 

transistor  . 

ultrahigh  frequency  . 

ver;  high  frequency  . 

volt . 

VO It -ampere  . 

watt . 

vatthour . 

:  ard . 


.  .  .  .kv 
.  .  .  kva 
.  .  .  .kw 
...  mmf 

.  .  .  msjc 

...  Me 
.  .  .  mva 
.  .  .  Mw 
•  •  •  ^  & 
Ht  or  mf 
MUt  or  pf 

.  .  .  ttn 
.  ...  n 
.  .  '.fmcc 
.  .  .  .ttv 
•  •  • 

•  •  •  Toa. 
.  .  .  mh 
...  mm 

.  .  .  Wfl 

...  nv 
.  .  .  min 
...  ml 
spell  out 

•  .ohm— cm 
.  .  .  .oz 
...  .lb 
.  .  .  psi 
.  .  .psig 
.  .  .  pwr 
.  .  .  pri 
.  .  .  PTM 
.  .  .  r-f 
.  .  .  rec 
.  .  .  .  R 
.  .  .  rpm 
.  .  .  scr 
.  .  .  s/n 
.  .  .  ssb 

•  •  •  •  S(^ 

.  .  .  swr 

.  .  .  shf 
.  .  t  emp 
.  .  .  .  M 
.  .  .Xfmr 
.  Xsistpr 
.  .  .  uhf 
.  .  .  vhf 
....  V 
...  va 
.  .  .  .  W 
.  .  .  whu- 
.... yd 
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6.0  CONVERSION  FACTORS 


To  permit  comparison  of  data  from  various  sources,  re¬ 
ported  in  a  variety  of  units,  it  is  frequently  necesscuy  to  convert 
to  a  standard  set  of  vmits.  The  standard  units  vised  in  this  doc- 
viment  are  ergs/gm-(c)  for  electromagnetic  radiation  and  particles/ 
cm2  for  any  type  of  particulate  radiation.  In  many  cases,  insuffi¬ 
cient  Information  is  presented  to  permit  an  accurate  conversion. 

The  values,  marked  with  ein  asterisk,  are  approximately  correct 
for  hydrocarbons,  assviming  an  average  energy  of  1  Mev  for  the 
radiation.  These  values  should  be  used  with  caution  and  only  in 
cases  idiere  more  applicable  information  is  not  available. 


To  Convert 

To 

Multiply  By 

Rads  (for  any  material)  ergs/gm  (of  that  material) 

100 

Roentgen 

ergs/gm-(C) 

87.7 

Roentgen 

ergs/gm  (Tissue) 

96.4 

Rep 

ergs/0n-(c) 

84.6 

Rep 

ergs/gm  (Tissue) 

93.0 

Rad  (Tissue) 

ergs/gm-(c) 

90.9 

Bad  (water) 

ergs/gm-(C) 

90.0 

*(l)  Photons/aa2 

rep 

5  X  10"1° 

*Rep/hr 

n/cm2-Sec 

7.1  X  10* ** 

♦Rad/hr 

n/cm2-Sec 

8.3  X  lo'^ 

*(2)  Rem/hr 

n/cm2-Sec 

8.3  X  lo3 

Photons/cm^ 

ergs/gm-(c) 

5.7  X  10-® 

*  Based  on  average  energy  of  1  Mev 

(1)  For  any  energy  other  than  1  Mev,  See  Figure  2 

(2)  For  any  ener^  other  than  1  Mev,  See  Figure  3 

**  Based  on  Co-^  source 


FIGURE  2  NUMBER  OF  GAMMA  RAYS  VS.  DOSE  RATE  FOR  VARIOUS  GAM4A  ENERGIES 


I 


FIGURE  3  CURVE  TO  CORVSRT  HEOTHOW  FLUX  TO  DOSE  RATE 


7.0  RADIATION  EFFECTS  FACILITIES  l/TILiaSD  IN  CENBRATING 
TEST  DATA  REFERENCED  IN  THIS  REPORT 

7. 1  STEADY-STATE  REACTOR  FACILITIES 


Argonne  Research  Reactor  CP-5 
Argonne  National  Ijaboratory 
Argonne,  Illinois 

R.  E.  No.  1,  2,  3,  k,  5,  6,  11,  12,  59,  60,  66,  72,  7^^ 


Battelle  Research  Reactor 
Battelle  Memorisil  Institute 
Columbus,  Ohio 

R.  E.  No.  52,  65 


Brookhaven  Research  Reactor 
Brookhaven  National  Laboratory 
Upton,  Nfcw  York 

R.  E.  No.  15,  16,  17,  49,  59,  61,  65,  66 


Curtiss-Uright  Research  Reactor 
Curtiss-Wright  Corporation 
Quehannr,  Pennsylvania 

R.  E.  No.  ?8,  75 


Ford  Nac.  t.'ar  Reactor 
Universi'.y  of  Michigan 
Ann  Arbor,  Michigan 

R.  E.  No.  35 


Genera  Electric  Nuclear  Test  Reactor  (GENTR) 
Valltcitos  Atomic  Laboratory 
Pleasanton,  Ceilifomia 

R.  E,  No.  10,  32,  36,  53 
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Georgia  Nuclear  Laboratories  Radiation  Effects  Reactor 
(GNL) 

Lockheed-Georgla  Company 
Marietta,  Georgia 

R.  E.  No.  45,  ^4 


Ground  Test  Reactor  (GTR) 

General  Dynamics  Corporation 
Fort  Worth,  Texas 

R.  E.  No.  9,  11,  12,  13,  21,  22,  23,  24,  25,  26,  30,  31, 
34,  37,  38,  39,  i+0,  4l,  44  ,  46,  48,  50  ,  51,  62,  69 


Materials  Testing  Reactor  (MTR) 
National  Reactor  Testing  Station 
Idaho  Palls,  Idaho 

R.  E.  No.  42,  56,  58 


NTTR  &  ETR  Spent  Fuel  Radiation  Irradiation  Facility 
laaho  Falls,  Idaho 

R.  E.  No.  46,  64 


MIT  Research  Reactor 

Massachusetts  Institute  of  Technology 

Cambridge,  Massachusetts 

R.  E.  No.  75 


Oah  Ridge  Research  Reactor 
Oak  Ridge  National  Laboratory 
Oak  Ridge,  Tennessee 

R.  E.  No.  58 


Penn  St.  Research  Reactor 
Penn  St,  University 
University  Park,  Pennsylvania 

R.  E.  No.  16,  IT,  18,  19,  75 
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7.2 


GAMMA.  SOURCES  AND  PARTICLE  ACCELERATORS 


Admiral  Cobalt-60  Source 
Admiral  Corporation 
Chicago,  Illinois 

R.  E.  No.  1,  2,  3,  6,  6o,  70,  7^ 


Argonne  Cyclotron  and  Linear  Accelerator  Facility 
Argonno,  National  Laboratory 
Argonr.u  ,  IIj.  '  nois 

R.  E.  No.  27 


ArgO!  '  High  I«vcl  Gamma  Irradiation  Facility 
Argor.i  .  National  Laboratorj' 

Argontie,  Illinois 

R.  E  No.  8,  33,  71 


Armour  Research  Ion  Bombardment  Chamber 
Armour  Research  Foundation 
Chici.:.;©,  Illinois 

R.  E.  No.  7 


Batte^le  Gamma-Irraciiation  Facility 
Batte.^le  Memorial  Institute 
Coliami’us,  Ohio 

R.  E.  No.  ll 


Bell  Telephone  Laboratories  Cobalt-60  Gamma  Cell 
New  Yore,  New  York 

R.  E.  No.  IT 


Brookhaven  Gamma  Irradiation  Facility 
Brookhaven  Nat  onal  Laboratory 
Upton,  New  York 
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R.  E.  No.  19 


Cook  TechnologiceQ.  Gamma  Facility- 
Cook  Electric  Company 
Morton  Grove,  Illinois 

R.  E.  No.  47 


General  Atomice  45  Mev  Linear  Accelerator 
General  Dynamics  Corporation 
Saji  Diego,  California 

R.  E.  No.  213 


Shell  Van  de  Graaff  Accelerator 
Shell  Development  Company 

R.  E.  No.  68 


University  of  Minnesota  Gamma-Irradiation  Facility 
University  of  Minnesota 

R.  E.  No.  33 


Van  de  Graaff  (WNYRC) 

Western  New  York  Research  Center,  Inc. 
Buffalo,  New  York 

R.  E.  No.  8 


WADD  Cobalt-60  Source 
Wright-Patterson  Air  Force  Base,  Ohio 

R.  E.  No.  11,  12,  55,  57,  73 


Miscellaneous  Cobalt- 60  Sources 
R.  E.  No.  63 


7.3  PULSED  REACTORS 

DOFL  TRIGA  Mark  F 

Hari^'  Diamond  Laboratories 

Washington,  D.  C, 

B.  E.'No.  202 

y 


20. 


General  Atomics  TRIGA  Mark  F 
General  Dj^namics  Corporation 
Torrey  Pines,  California 

R.  E.  No.  207 


Godiva 

Los  Alamos  Scientific  Laboratory' 

Los  Alamos,  New  Mexico 

R.  E.  No.  200,  201,  203,  203,  209,  210,  2l6 

KE'.-.'B  (Kinetic  Experiments  on  Water  Boilers) 
National  Reactor  Testing  Station 
Inaho  Falls,  Idaho 

R.  E.  No.  215 


Kukla 

Lawrence  Radiation  Laboratory 
Livermore,  California 

R.  E.  No.  208 


SRRF  (Semdia  Pulsed  Reactor  Facility) 
Sandia  Corporation 
Albuquerque,  New  Mexico 

R.  E.  Ho.  11,  12,  30,  204,  206,  212,  2l4 


References  for  a  detailed  description  of  the  above 
facilities. 

(’)  i_;,  0.  J.  and  'learde,  Jr.  ji.  rLir/cy  of 

Trradi  'ti  ,11  ^ -.cilitios .  i'.,  MC  Report  lio.  3I  ( Part'  1 )  , 

:’ttclie  ■ep.,')"'al  I  Lstitutc,  Calu-,-:bun,  Ohio.  Contract 
"a.  'J'  ■' •{(  5"’)-100 '5 .  Oeptc:nber  15,  I963. 

('’)  Ha.i’.a;i,  0.  J.  a-id  '.'aar-ic,  Jr.  ,  II.  Survey  of 
I  r-ticlc  tccelerat .rs.  REIC  Report  Jo.  31  ( Part  II ) . 
P.attelle  ■■e...orial  I.istitute,  Caluribas,  Ohio.  Contract 
AF  3'^^  .  Septerber  15,  1963. 
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8.0  ADDITIONAL  REFERENCES 


The  following  list  of  references  may  be  consulted  for 
additional  radiation  effects  information.  These  reports  were 
received  after  the  cut-off  date  for  tabulating  the  "Design  Allowables" 
and,  therefore,  were  not  used  in  this  study. 

1.  Chapin,  W.  E.  et  al.  Space-Radiation  Damage  to  Electronic 
Components  and  Materials.  RBIC  Report  No.  32.  Battelle  Memorial 
Institute,  Columbus,  Ohio.  Contract  No.  AF  33(657 )-10085» 

October  30,  1963- 

2.  Curtsinger,  B.  E.  Effects  of  Irradiation  on  Three  Silicone 
Dielectric  Fluids.  Report  No.  NARF-63-7T,  FZK-9-188*  General 
Dynamics  Corp.,  Fort  Worth,  Texas.  Contract  No.  AF  33(657)-7201. 
July  31,  1963, 

3.  Burnett,  J.  R,  et  al.  Calibration  of  Pressure  Transducers  for 
Pluto  Radiation  Environments.  Report  No.  S-238-R.  Sdgerton. 
Germeshausen  and  Grier,  Inc.,  Santa  Barbara,  California. 

Contract  No.  SANL  730/3186005  for  University  of  California, 
Lawrence  Radiation  Laboratory.  August  1963- 

4.  Study  of  Effect  of  High-Intensity  Pulsed  Nuclear  Radiation  on 
Electronic  ^rts  and  Materials  (SCORRE),  Re^rt  No.  10.  IBM 
Report  No.  63-'.>28-12.  IBM  Corp.,  a/ego,  11. Y.  Contract  No. 

DA  36-039SC-85395.  January  31,  1963.  DDC  AD404493. 

5.  Wicklein,  H.  W.  et  al.  Godiva  III  Minuteman  Radiation  Effects 
Tests,  October  i960.  IDEP  Report  No.  347.60.00.00-66-01. 

Boeing  Airplane  Company,  Seattle,  Washington.  Contract  No. 

AF  0U(647)-289.  December  30,  I96O.  DDC  AD271339. 


6.  Shatzkes,  M.  and  Boyd,  G.  Study  of  Effect  of  Hlgh-Intenslty 
Pulsed  Nuclear  Radiation  on  Electronic  Parts  and  Materials 
(SCORRE),  Report  n67~5^  IBM  Report  No.  61-521-10.  IBM  Corp., 
Owego,  New  York.  Contract  No.  DA  36-039SC85395.  September 
30,  1961.  DDC  AD267398. 

7.  Study  of  Effect  of  High-Intensity  Pulsed  Nuclear  Radiation  on 

Electronic  and  teterials  (SCORRE),  Report  No.  ^  IBM 

Report  No.  62-521-3.  IBM  Corporation,  Owego,  New  Vork. 

Contract  No.  DA  36-039SC85395.  December  31,  I96I.  DDC  AD  273701. 

8.  Study  of  Effect  of  High-Intensity  Pulsed  Nuclear  Radiation  on 
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